Investigation of the Variability of Asphalt Dynamic Modulus in South Carolina and Its Sensitivity on Mechanistic Response of Pavements by Hanna, Jared Wellborn
Clemson University
TigerPrints
All Theses Theses
5-2018
Investigation of the Variability of Asphalt Dynamic
Modulus in South Carolina and Its Sensitivity on
Mechanistic Response of Pavements
Jared Wellborn Hanna
Clemson University, jwhanna@g.clemson.edu
Follow this and additional works at: https://tigerprints.clemson.edu/all_theses
This Thesis is brought to you for free and open access by the Theses at TigerPrints. It has been accepted for inclusion in All Theses by an authorized
administrator of TigerPrints. For more information, please contact kokeefe@clemson.edu.
Recommended Citation
Hanna, Jared Wellborn, "Investigation of the Variability of Asphalt Dynamic Modulus in South Carolina and Its Sensitivity on
Mechanistic Response of Pavements" (2018). All Theses. 2842.
https://tigerprints.clemson.edu/all_theses/2842
INVESTIGATION OF THE VARIABILITY OF 
ASPHALT DYNAMIC MODULUS IN SOUTH CAROLINA 
AND ITS SENSITIVITY ON MECHANISTIC RESPONSE OF PAVEMENTS 
A Thesis 
Presented to 
the Graduate School of 
Clemson University 
In Partial Fulfillment 
of the Requirements for the Degree 
Master of Engineering 
Civil Engineering
by 
Jared Wellborn Hanna 
May 2018 
Accepted by: 
Bradley J. Putman, Committee Chair 
Charng-Hsein Juang 
Prasad Rao Rangaraju 
 
 
ii 
 Abstract 
Although the Mechanistic-Empirical Pavement Design Guide (MEPDG) was 
released in 2008 on behalf of the American Association of State Highway and 
Transportation Officials (AASHTO) by the National Cooperative Highway Research 
Program (NCHRP), many states still employ some version of a previous AASHTO 
Pavement Design Guide due to the amount of calibration required for local influences 
including climate, traffic loading, and material property variability. 
This study was conducted using dynamic modulus data from both laboratory-
prepared and field-produced mixes. A sensitivity analysis utilized the laboratory data to 
analyze the effect of variations of subgrade strength and asphalt dynamic modulus on the 
critical pavement responses: vertical deflection, vertical stress, and horizontal tensile strain. 
The results of this analysis determined that the bottom layer of asphalt causes the largest 
variation in critical pavement responses. Statistical analyses were conducted to investigate 
the following scenarios: differences in mix day for a given contractor and mix type, 
differences in contractor for a given mix type, and differences in mix types for a given 
contractor.  
The field-produced asphalt analysis was conducted to categorize the dynamic 
modulus of various hot mix asphalt mixtures using the Asphalt Mixture Performance Tester 
for the state of South Carolina. Based on the results of this initial study, it is recommended 
that variations in the dynamic modulus should be accounted for by creating model 
pavement design inputs for asphalt mixes based on both aggregate source and mix type. 
When designing pavement structures, the variation of the dynamic modulus of these layers 
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should be of principle concern. Further testing should be completed to further calibrate the 
MEPDG to conditions found in South Carolina to produce effective, long-lasting, and cost-
effective pavement structures.  
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Chapter One: Introduction 
1.1. Background 
While the Mechanistic-Empirical Pavement Design Guide (MEPDG) was officially 
introduced in 2008 by the American Association of State Highway and Transportation 
Officials (AASHTO), many of the inputs require calibration for local factors including 
advancements in material technology and traffic loading which has inhibited many states 
from full implementation of the standard. Currently, the state of South Carolina utilizes a 
version of the AASHTO Guide for Design of Pavement Structures, which is solely based 
on empirical relationships between traffic loading, soil subgrade modulus, serviceability 
index, and others. The use of these relationships does not easily allow for variability of 
asphalt mix designs or influences from weather or increased traffic. The dynamic modulus 
of flexible asphalt pavement, |E*|, serves as one of the primary inputs for the MEPDG and 
can also be used to evaluate the quality of an asphalt mixture. The |E*| of a mix can differ 
due to a variety of factors including temperature, loading, moisture, or age of the pavement 
structure. Therefore, it is important to evaluate this variability to create a suitably designed 
asphalt pavement structure. 
1.2. Objectives 
The primary objective of this study was to characterize the dynamic modulus of 
various asphalt mix types to aid in the calibration of the MEPDG and begin the creation of 
a catalog of typical dynamic modulus values for asphalt mixtures in South Carolina. Local 
material inputs, such as dynamic modulus and aggregate gradation are required to adjust 
the design criteria for asphalt pavements. Additionally, this study evaluated the variability 
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of the dynamic modulus as it’s effect on the sensitivity on mechanistic pavement response.  
These factors should be compiled to enhance the precision of the MEPDG and create cost-
effective, long-lasting designs. 
1.3. Scope of Research 
To achieve the objectives of this study, contractors were selected based on 
aggregate source location and DOT district to provide a representative sample of the whole 
state. Aggregate source in South Carolina was the primary criteria for contractor selection. 
Six mix types (Surface A, B, and C; Intermediate B and C; and Base A) were selected for 
analysis. For each lot collected, the job mix formula (JMF) and quality control (QC) test 
results were also documented. Other inputs such as binder grade, reclaimed asphalt 
pavement (RAP) content, aggregate gradation, and aggregate specific gravity were 
retrieved from the job mix formula to aid in the analysis.  
Approximately 100 pounds of asphalt was collected each day of production for a 
particular contractor and mix type to prepare three specimens. Specimens were compacted 
to 180 mm with an air voids content of 7 ± 0.5% to reduce the number of factors which 
impact the variability of dynamic modulus. Each specimen was tested at temperatures of 
39.9, 70.0, 100.0, and 129.9 °F and frequencies of 0.1, 0.5, 1, 2, 5, 10, and 25 Hz.  
A sensitivity analysis was performed using the dynamic modulus results a previous 
study commissioned by the SCDOT (SPR 720).  The goal of this study was to evaluate the 
influence of dynamic modulus variability on the sensitivity of the mechanistic pavement 
response.  This analysis was conducted using the WESLEA layered elastic analysis 
program. 
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1.4. Organization of Thesis 
This thesis is divided into six chapters.  The first chapter provides some background 
of the problem statement as well as the research objectives and scope.  Chapter Two 
contains a literature review which examines different pavement design methodologies 
including empirical, mechanistic, and the combination of the two. The progression of the 
MEPDG is documented as well as some of the required inputs for design. A brief 
discussion of the dynamic modulus is included on its relevance to the MEPDG. Other 
components such as calibration and implementation of the MEPDG are also discussed. 
Chapter Three outlines the test methods utilized and the desired mix types. Chapter Four 
presents the results and findings found using the Asphalt Mixture Performance Tester 
(AMPT) to test the dynamic modulus of various mix types from contractors across the state 
of South Carolina. Chapter Five includes a sensitivity analysis performed using WESLEA, 
a layered elastic analysis software, using laboratory-prepared specimen data received from 
SPR 720, a previous study performed for the SCDOT to analyze the dynamic modulus of 
asphalt concrete in South Carolina. Chapter Six presents the major findings, conclusions, 
and recommendations for future research. 
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Chapter Two: Literature Review 
2.1. Pavement Design Methodologies 
2.1.1. Overview 
With the design of flexible asphalt pavement structures, there are two typical types 
of design method: mechanistic and empirical. In years past, most state agencies have 
utilized an empirical approach such as the American Association of State Highways and 
Transportation Officials (AASHTO) pavement design guidelines (AASHTO, 1972). 
Empirical designs use relationships based on historical pavement performance data and 
laboratory analysis of pavement materials to predict the response of a pavement structure. 
A mechanistic design delves into the mechanics or mechanical properties and theoretical 
responses of an asphalt pavement, which include the critical pavement responses 
encountered in an asphalt structure under different loading conditions.  
In recent years, a shift has been initiated to merge mechanistic and empirical design 
methods to form a Mechanistic-Empirical Pavement Design Guide (MEPDG) for both 
flexible and rigid pavements. AASHTO first introduced the MEPDG with a preliminary 
edition in 2008. An MEPDG employs historical data from a performance catalog of 
existing pavement sections including climate, pavement structure, material properties, and 
traffic loading to generate empirical relationships which are then modified by applying 
principles of pavement mechanics to determine the response of the pavement structure (Li 
et al., 2011). In collaboration with the Federal Highway Administration (FHWA), state 
agencies have begun collecting the necessary data to calibrate the MEPDG for local 
application based on regional factors. 
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2.1.2. Empirical Design Methodology and Progression of AASHTO Pavement 
Design 
In the late 1950s, AASHO (later changed to AASHTO) introduced the AASHO 
Road Test, the largest roadway experiment to date, which evaluated the performance of 
highway pavements under moving loads of known magnitude and frequency (Highway 
Research Board, 1961). This initial study was one of the first steps taken towards 
understanding the variables which effect the performance of a pavement. The AASHO 
Road Test initiated a movement to create a database which empirical relationships could 
be based upon for use in roadway design in an attempt to make the design process user-
friendly.  
Rather than develop new methods or innovations in construction, the Road Test 
sought to explore current construction practices to further understand the relationships of 
pavement distresses. In an attempt to standardize traffic loadings, the AASHO Road Test 
introduced the equivalent single axle load (ESAL). An ESAL is used to show the 
relationship between different axle loads, typically 18,000 lbs, by providing a relative 
damage factor (AASHTO, 2015). These factors can vary between both axle type and 
pavement structure type. 
Following the completion of the AASHO Road Test in 1961, the AASHO Interim 
Guide for the Design of Flexible Pavement Structures was produced. This served as the 
design guidelines for many state highway departments until the AASHO Interim Guide for 
the Design of Pavements was released in 1972 which featured the same methods and 
procedures from previous versions, but simplified some of the wording (AASHTO, 2015). 
In the 1986 revision of the AASHTO Design Guidelines, factors including design 
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reliability, resilient soil support modulus, resilient modulus of flexible pavement, and 
drainage coefficient were introduced to increase design accuracy. These factors increased 
the design capabilities and accuracy of the AASHTO design method by varying inputs 
based upon location, asphalt resilient modulus, soil subgrade strength, and weather 
conditions.  
Currently, the South Carolina Department of Transportation (SCDOT) employs the 
1972 edition of AASHTO Guide for Design of Pavement Structures. The AASHTO 1972 
method presents the equation in Equation 2-1 which can be used to determine different 
components of the structural design for a flexible asphalt pavement.  
(2-1) 
Equation 2-1: AASHTO 1993 empirical equation for relating traffic loading, pavement 
structure, and pavement performance (AASHTO, 1993) 
The nomograph, in Figure 2-1, provides a user-friendly alternative to the equation 
in Equation 2-1, and allows an individual to easily determine the required structural number 
for the overall structure. The calculated structural number outlines the minimum structural 
requirement for the desired pavement and can be used to find the thicknesses of individual 
layers based on layer characteristics including structural and drainage coefficients.  
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Figure 2-2 presents a flow chart for the AASHTO 1993 empirical design method 
for a pavement structure. Factors such as performance period, traffic, and serviceability are 
accounted for based on empirical relationships. Any innovations in material properties or 
exponential traffic growth cannot be easily accounted for when compared to a mechanistic 
approach.  
 
Figure 2-2: Empirical design methodology flow chart for AASHTO 1993 Pavement 
Design method (FHWA, 2017). 
2.1.3.Mechanistic Design Methodology 
Mechanistic designs utilize the basic principles of structural mechanics to analyze 
the pavement responses due to traffic loading. Rather than having to retrofit equations and 
entire empirical models annually, mechanistic design strategies allow for increases in 
traffic or changes in material properties instantaneously (Newcomb et al., 2001). Figure 
2-3 displays the mechanistic approach to designing an asphalt pavement structure. Climate 
factors adjust the modulus of hot mix asphalt (HMA), subgrade, and aggregate base layers 
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according to weather conditions and temperature for events such as freeze-thaw cycles and 
moisture content.  
Due to the complex nature of the mechanics of a pavement structure, several 
assumptions are made about the reactions and behavior of said structure. The first assumes 
that the pavement structure acts as a layered elastic system. This states that once a load is 
applied to the structure, the structure will, in essence, bounce back to its normal position. 
Of course, this is not the case, but the assumption greatly reduces the amount of equations 
needed to calculate the critical pavement distresses. The materials used to construct the 
pavement are assumed to be both homogeneous and isotropic. The inconsistencies and lack 
of uniformity encountered within an aggregate base, soil subgrade, or HMA mixture are 
considered negligible when compared to the thicknesses of lifts in a pavement structure 
(Newcomb et al., 2002). The depth of the subgrade layer and the horizontal length of the 
pavement structure are assumed to be infinite. The point at which the tire makes contact 
with the ground surface is assumed to be circular, rather than elliptical, and the pressure 
equal to the inflation pressure. These assumptions further simplify the calculations required 
to determine the critical pavement responses. 
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Figure 2-3: Mechanistic design methodology flow chart for pavement design (David E. 
Newcomb et al., 2001). 
2.1.4.Mechanistic-Empirical Pavement Design Methodology 
With the introduction of the MEPDG, two groups were created with the intent of 
aiding the progression of research and implementation for the new guidelines. The FHWA 
introduced the Design Guide Implementation Team to educate and offer additional 
resources to the public about efforts and innovations towards creating the new guidelines. 
A Lead States group, those who expressed early interest in the advancement of the MEPDG, 
was also formed on behalf of AASHTO, the National Cooperative Highway Research 
Program (NCHRP), and the FHWA (Baus et al., 2010). The Lead States group consisted 
of states including Florida, Texas, and Kentucky as well as many others. Figure 2-4 
showcases states who served as Lead States and those who also served on the 
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implementation plan committee for the MEPDG. Some states served a role in both aspects 
of the program. Figure 2-5 shows the states which have adopted or plan to adopt the 
updated MEPDG guidelines as of 2016. 
Figure 2-4: Map outlining the Lead States and states who helped develop an 
implementation plan (Christopher Wagner, 2001).  
 
Figure 2-5: United States status of MEPDG implementation (Rob Crandol, 2017) 
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The Long Term Pavement Performance (LTPP) Program, created by the FHWA in 
1991, collects pavement performance data from projects across the North American 
Continent for both asphalt and concrete pavements under two different groups, General 
Pavement Study (GPS) and Specific Pavement Study (SPS) (FHWA, 2017). The GPS 
group is geared towards understanding the overall performance of an entire section of 
pavement while the SPS investigates the influence of specific factors affecting pavement 
performance across different sections within a specific project. Data is collected under 
seven different groupings which include Climatic, Traffic, Materials Testing, 
Rehabilitation, Monitoring Pavement Sections, Maintenance, and Inventory. Although this 
catalog contains a plethora of samples, local calibration factors need to be examined to 
create a representative MEPDG for the state of South Carolina for categories such as 
climate, aggregate source, and traffic loadings.  
Figure 2-6 presents the design methodology flowchart for a Mechanistic-Empirical 
approach. Inputs for the approach span the entire spectrum of pavement design with traffic 
loadings, environmental factors, and material properties. Monte Carlo Simulation is often 
used to run multiple analyses on pavement structures which considers the variability that 
exists with different design inputs including subgrade modulus, traffic loading, and asphalt 
moduli. When an iteration meets all design criteria, it is then labeled as a Final Design. 
This design process ensures a safe, reliable, cost-effective, and long-lasting pavement 
structure. 
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Figure 2-6: Mechanistic-Empirical design methodology flow chart (“Geotechnical 
Aspects of Pavements Reference Manual Appendix D: NCHRP 1-37A Design method,” 
2017) 
2.2. Discussion of Dynamic Modulus 
“The dynamic modulus, |E*|, is a fundamental property of asphalt mixtures that 
describes the asphalt mixture’s stiffness at different temperatures and loading speeds” 
(NJDOT, 2010). The dynamic modulus, or elastic modulus, not only serves as one of the 
key components to calibrating the MEPDG to each state’s material properties, but also can 
be used to evaluate the quality of an asphalt mix. It is also a crucial ingredient in 
determining the rutting and fatigue stresses used as predictions for the MEPDG (Bennert, 
2009). The elastic modulus of a mix differs not only under varying temperature, moisture, 
or loading conditions, but also with the age of the pavement structure. It is also important 
to note that dynamic modulus differs among asphalt mix types and even between two mixes 
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of the same type with the same gradation. Much of this can be traced to the aggregate 
source and gradation. Master curves created from dynamic modulus data can be used to 
predict the dynamic modulus of a pavement when affected by frequency and temperature. 
These curves can also be used to forecast pavement reactions to traffic loading and climate 
conditions as well as fatigue and rutting resistance (Apeagyei et al., 2011).  
As a pavement structure ages and hardens, the dynamic modulus gradually 
increases  (Newcomb et al., 2002). The dynamic modulus also decreases as temperature 
rises or as a subgrade begins to dry out. With freeze-thaw cycles annually, states like South 
Carolina have a large variation in the dynamic moduli of their roadways. States like New 
Jersey have noted the amount of variability which exists with the dynamic modulus test 
under AASHTO TP62, and selected several labs across the state to create a set of similar 
mixes and compare the results. From this, the NJDOT created a modified dynamic modulus 
test procedure and precision specifications which they believed would increase the 
precision of results when comparing multiple laboratories (Bennert, 2009). Rutting and 
percent alligator cracking values revealed little difference among the different labs while a 
large variation occurred for longitudinal cracking (Bennert, 2009). This phenomenon could 
lend to the fact that some pavement distresses are impacted more by the variation of 
dynamic modulus than others.  
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2.3. Calibration of MEPDG 
To ensure that an appropriate mix design catalog is compiled to calibrate the 
MEPDG for each state, it is ideal to analyze the dynamic modulus of both laboratory-
prepared and plant-produced mixes (Tran et al., 2013). While plant-produced mix alone 
would serve the purpose of calibration, laboratory specimens are seldom prepared to the 
same conditions as plant mix. By collecting data for both, QC standards can be developed 
which provide a better representation of what is constructed from plant mix. The dynamic 
modulus serves as one of the principle inputs for HMA mixtures in the AASHTOware® 
Pavement ME Design program, the new design procedure used in MEPDG pavement 
projects (Tran et al., 2013).  
Other important inputs pertaining to asphalt properties include aggregate gradation, 
asphalt binder content, and % air voids (LRRB, 2009). In addition to material 
characteristics, construction practices should also be studied to identify methods which 
could compromise structural integrity including paver stops and lag time between roller 
passes. Proper calibration will also result in more realistic performance predictions which 
are personalized for a particular load spectra (Ceylan et al., 2008). To provide a holistic 
sample of each state, contractors and mix types should be carefully selected based on 
location and aggregate type. 
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2.4. Implementation of MEPDG 
As a result of the implementation of the MEPDG in different states, the cost of 
construction is expected to decrease (Ceylan et al., 2008). With current empirical design 
standards, roadways are drastically over-designed for strength which requires the use of 
more resources than necessary to construct them. By implementing and calibrating the 
MEPDG, designs will be tailored for the specific use which should result in a long-lasting, 
practical pavement structure. 
Two categories exist which describe the status of different state’s implementation 
progress. The first includes states which are currently collecting and validating key inputs. 
The other includes those who have expended substantial man-hours and resources into 
compiling a catalog of inputs including traffic data, material properties, and climate 
statistics as well as further improving MEPDG software. Most states are placed in the first 
category for a variety of reasons (Crawford, 2011). Use of an MEPDG requires continuous 
calibration as materials properties or environmental factors change, traffic loadings 
increase, or new mix designs are introduced. Keeping all parties involved up to date with 
the development of the design guide greatly increases the chance of success for the 
MEPDG program. This includes key stakeholders such as public transportation agencies, 
material providers, and contractors.  
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2.5. Mixture Design Catalogs 
A mixture design catalog is a comprehensive list of the required inputs needed to 
support the implementation and application of the Mechanistic-Empirical Pavement 
Design Guide. Through the collection of laboratory data, quality control reports, and field 
data, a design catalog is used to design a long-lasting and cost-effective perpetual pavement. 
Compared to the previous design methods, the MEPDG requires a considerably larger 
number of inputs in four major categories: traffic, material charactistics, environmental 
influences, and pavement performance. As standards are transformed, an MEPDG can 
adapt to these changes unlike empirical design methods. Since the MEPDG is heavily 
based on material characterization and performance, it is important to develop a thorough 
design catalog. 
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Chapter Three: Experimental Methods and Materials 
3.1. Sampling Plan 
To characterize the dynamic modulus of asphalt mixtures in South Carolina, four 
asphalt producers from across the state (Contractors A, B, C, and D) were strategically 
selected based on the aggregate source used to produce plant mixed asphalt to provide a 
representative sample for the state of South Carolina. The asphalt mix types selected for 
this project were considered high priority mixes and consisted of Surface Types A, B, and 
C and Intermediate Type C. These mixes were sampled during the 2017 paving season that 
spanned from March to October 2017. 
When sampled from the plant, mix was bagged and labeled with contractor name, 
date collected, mix type, and lot or load number. Samples were collected at the same time 
as quality assurance samples were collected by plant staff to compare results. 
Approximately 100 pounds of asphalt was gathered at one sampling time for three different 
days of production. Due to plant locations and travel times from Clemson, sampling for 
contractors A, C, and D was coordinated through the SCDOT or contractor staff. These 
mixes were then collected from the plant location at a later date. Job mix formulas (JMF) 
and quality assurance (QA) test reports were retrieved from the contractors for each lot of 
mix collected. These documents can be found in Appendix A. The mix was then 
transported to the Clemson asphalt lab for testing. Bulk samples were stored in the lab in 
controlled temperature and moisture conditions. 
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3.2. Summary of Mixes 
Table 3-1 shows the selected contractors and their respective plant locations. A map 
of the SCDOT districts is shown in Figure 3-1. A summary of mix properties for each plant 
are included in Table 3-2. A list of samples collected, prepared, and tested can be found in 
Table 3-3. 
Table 3-1: Plant locations for selected contractors. 
 
 
 
 
 
 
 
 
 
 
Figure 3-1: Map displaying SCDOT districts (SCDOT, 2018b) 
 
Contractor Plant Location SCDOT DISTRICT 
A Jefferson, SC 4 
B Liberty, SC 3 
C Columbia, SC 1 
D Eureka, SC 7 
   
 
 
20 
Table 3-2: Summary of aggregate properties for selected contractors (SCDOT, 2018a). 
Contractor LA Abrasion Loss % (B/C) 
Dry Bulk 
Specific Gravity Absorption % 
A 45.1/45.1 2.63 0.42 
B 54.7/59.5 2.63 0.76 
C 26.3/33.0 2.62 0.41 
D 39.0/43.0 2.57 0.90 
 
Table 3-3: Summary of collected mix types. 
 Days of Production Collected 
Contractor Surface Type A 
Surface Type 
B 
Surface Type 
C 
Intermediate Type 
C 
A - - 3 days 3 days 
B - 1 day 1 day 1 day 
C 3 days - - 2 days 
D - 2 days - - 
     
3.3. Specimen Attributes 
3.3.1. Specimen Creation 
Specimens were compacted using the gyratory compactor per AASHTO R 83-17 
(AASHTO, 2017a), formerly AASHTO PP 60-14, to a height of 180-mm and a diameter 
of 150-mm with a void content of 7 ± 0.5%. To meet the target voids, two preliminary 
specimens were compacted to a height of 180-mm with differing material weights ranging 
from 7200 to 7500g depending on the mix type. The bulk specific gravity was measured 
for these preliminary samples, the air void content was calculated by comparing with the 
maximum specific gravity (Eq. 3-1).  
Air Void Content (%)= �1- BSG
MSG
� *100%                                 (3-1) 
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Since the specimen height was kept constant at 180-mm, material weight was varied 
to reach the target void content. Using linear interpolation, the weight required for 7% 
voids was calculated and three test specimens were compacted, then tested for bulk specific 
gravity to ensure that the target void content had been achieved. The progression of sample 
preparation can be found in Figure 3-2. 
  
 
Figure 3-2: (left) Photo of a gyratory specimen ready to be cored; (middle) Photo of the 
shell of cored out specimen; (right) Photo of a finished specimen before testing. 
The center of each specimen was cored out using a 4¼ in diamond tipped coring 
bit to provide a finished core diameter of 100-mm. The top and bottom of the cut core was 
saw cut using a diamond tipped masonry saw to make a finished height of 150-mm. A 
bubble level was then used to ensure the ends were level with each other. After the surface 
of the specimen dried, studs were attached using two-part epoxy and the IPC Global Gauge 
Point Fixing Jig. After affixing the studs, the specimen was set aside for a minimum of one 
day to ensure that the epoxy was given ample time to cure.  
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3.3.2. Maximum Theoretical Specific Gravity Test 
Each day of mix was tested in accordance with SC-T-83 (SCDOT, 2008) to 
determine the maximum theoretical specific gravity (Gmm) of the mix.  
3.3.3. Bulk Specific Gravity Test 
Determining the bulk specific gravity (Gmb) of a specimen was performed using 
ASTM D 2726 (ASTM, 2017) Specimens were thoroughly dry at the time of testing for 
Gmb, therefore section 10.2 of the standard was used to determine the inputs for the test. 
3.4. Asphalt Mixture Performance Test 
Using an IPC Global Asphalt Mixture Performance Tester (AMPT), specimens 
were tested at frequencies of 0.1, 1, 2, 5, 10, and 25 Hz at temperatures of 40, 70, 100, and 
130°F per AASHTO T 378-17 (AASHTO, 2017), formerly AASHTO TP79, to measure 
the dynamic modulus at each test condition. With each test temperature, the AMPT 
machine was turned on and the temperature controller set to the desired temperature for at 
least one hour. The AMPT machine is equipped with a fan cooler that draws moisture 
buildup out of the testing chamber, especially at temperatures above 86°F. If left on full-
time, it was difficult to regulate higher temperatures in the chamber. To resolve this, the 
cooler was left on full-time for testing at 40°F and 70°F and varied intermittently for 100°F 
and 130°F to regulate the temperature. Figure 3-3 shows the main controls, including the 
temperature controller, for the AMPT machine. The temperature control panel displays 
both the present value in the chamber as well as the set value. 
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Figure 3-3: Photo of the control panel for AMPT machine. 
Once the set temperature was reached, the testing chamber was raised and the 
specimen placed inside. A gauge holder was attached to each stud and a metal platen and 
friction reducing gasket was applied to the top and bottom of the specimen. A metal ball 
was placed in the indention in the top plate to allow for an even loading to occur in the case 
of an unlevel specimen. Three linear variable differential transformers (LVDT) were 
placed between a top and bottom gauge holder and calibrated to 0.000 ± 0.015 mm by 
adjusting the lock washer at the top of the LVDT. These LVDTs measure the axial 
displacement at three evenly spaced locations around the specimen when acted upon by the 
loading cell. Figure 3-4 shows a specimen prepped for testing in the AMPT chamber. 
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Figure 3-4: Photo of AMPT testing chamber with specimen and LVDTs attached. 
Per the standard, it was ensured that the temperature within the testing chamber 
returned to the set temperature within five minutes after closing the cell. Once the 
temperature inside the chamber reached equilibrium, the sinusoidal loading was applied at 
the prescribed frequencies. Testing was first completed at 70°F. An environmental 
chamber was utilized to cool specimens to 40°F and left for a minimum of one day and 
then tested. When testing at temperatures of 100°F and 130°F, specimens were limited to 
two to three hours in the environmental chamber before testing to preserve the structural 
integrity of the asphalt when exposed to high temperatures.  
  
 
 
25 
Chapter Four: Results and Discussion 
4.1. Mixes and Characterization 
4.1.1. Laboratory Testing 
Three test specimens were created for each day of mix collected. Maximum 
theoretical specific gravity (Gmm) was measured for each mix sampled and the bulk specific 
gravity (Gmb) of each specimen was determined, then used with the Gmm of each mix to 
calculate the air voids of each. The average values for each mix day can be found in Table 
4-1. A pulsing dynamic load was applied to each specimen at frequencies of 0.1, 0.5, 1, 2, 
5, 10, and 25 Hz after being conditioned to temperatures of 40, 70, 100, and 130 °F. The 
dynamic modulus, |E*|, was recorded at each temperature and frequency variation. The 
results of the dynamic modulus tests can be found herein. All specimens met the specified 
requirement of 7 ± 0.5% air voids. The average voids filled with asphalt (VFA), average 
voids in mineral aggregate (VMA), and average voids in total mix (VTM) were also 
calculated for each mix type. 
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Table 4-1: Table displaying specimen properties. 
 
4.1.2. Connecting Letters Report 
Using the collected dynamic modulus data, a Student’s t-test was performed to 
determine: 
1. Differences between contractors for a given mix type 
2. Differences in production day for a given mix type and contractor 
3. Differences between mix types for a given contractor 
This test provides feedback on the difference between the means of compared 
treatments. Within a particular frequency, items tagged with the same letter are considered 
statistically similar at 95% level of significance (α = 0.05). Those not sharing a common 
letter in the report are considered significantly different from each other. For example, if 
component 1 is tagged with an A while component 2 is tagged with a B, this indicates that 
the mean of component 1 is considered significantly different from component 2 and would 
Contractor Mix Type Mix Day Day #  Average MSG (-)
Average 
BSG (-) Air Voids (%)
   
 
A ITC 11/13/2017 1 2.440 2.279 6.6
A ITC 11/14/2017 2 2.456 2.296 6.5
A ITC 11/15/2017 3 2.468 2.289 7.2
A STC 10/4/2017 1 2.432 2.265 6.8
A STC 10/5/2017 2 2.434 2.268 6.8
A STC 10/6/2017 3 2.439 2.264 7.2
B ITC 2/1/2018 1 2.486 2.322 6.6
B STB 8/28/2017 1 2.473 2.301 6.9
B STC 10/4/2017 1 2.433 2.264 7.0
C ITC 9/25/2017 1 2.473 2.302 6.9
C ITC 9/26/2017 2 2.471 2.289 7.4
C STA 7/18/2017 1 2.448 2.266 7.4
C STA 7/19/2017 2 2.441 2.262 7.3
C STA 7/20/2017 3 2.455 2.275 7.3
D STB 7/25/2017 1 2.407 2.246 6.7
D STB 7/26/2017 2 2.406 2.238 7.0
D STB 7/27/2017 3 2.408 2.233 7.3
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not be considered as similar or from the same population. In cases of three components, 
component 1 could be tagged with an AB, component 2 tagged with an A, and component 
3 tagged with a B. This indicates that the sample means of components 1 and 3 are similar, 
components 1 and 2 are similar, but the sample means of components 2 and 3 are 
significantly different or dissimilar. If component 1 were assigned an A, component 2 a B, 
and component 3 a C, all components means are considered significantly different from 
one another. Differences in factors including reclaimed asphalt pavement content (RAP), 
aggregate gradation, dust to asphalt ratio and binder content were investigated to determine 
the root cause of dissimilarities. 
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4.2. AMPT Results 
4.2.1. Surface Type A, Contractor C 
The average dynamic modulus and coefficient of variation (c.v.) of the dynamic 
modulus for each temperature and frequency of Surface Type A from Contractor C can be 
found in Table 4-2 and Table 4-3, respectively. As temperature decreased, the dynamic 
modulus increased drastically. Because of this, small changes in modulus at temperatures 
of 100 and 130°F result in a higher coefficient of variation when compared to 40 and 70.0°F. 
The highest variability in |E*| was experienced at 130°F for all three days of production 
with c.v. values upwards of 0.16. Day 3 of production generated the most consistent c.v. 
values across all temperatures and frequencies. 
Table 4-2: Average dynamic modulus summary table: Contractor C, Surface Type A 
 
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 1,467,253 1,831,540 1,996,206 2,160,486 2,381,814 2,547,834 2,767,132
70 534,127 809,505 945,019 1,089,719 1,294,416 1,465,222 1,705,792
100 89,701 172,112 223,359 289,206 395,229 488,246 636,040
130 24,898 43,478 55,922 74,579 112,757 152,126 229,692
40 1,402,421 1,742,245 1,892,988 2,046,293 2,248,814 2,401,201 2,606,430
70 520,155 782,915 911,322 1,045,917 1,236,207 1,391,495 1,608,278
100 92,786 179,170 231,384 296,458 399,193 490,083 633,429
130 20,025 35,549 45,919 61,013 93,158 125,429 192,659
40 1,542,721 1,923,252 2,094,155 2,249,298 2,494,122 2,665,798 2,890,269
70 492,017 751,442 882,266 1,023,243 1,226,683 1,394,057 1,628,245
100 95,527 186,761 244,292 316,328 429,989 531,613 689,172
130 24,671 45,131 59,369 80,119 121,416 163,555 245,259
Day
1
2
3
Temperature 
(°F)
Mixture |E*| (psi)
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Table 4-3: C.V. of dynamic modulus summary table: Contractor C, Surface Type A 
 
 
 
4.2.2. Surface Type B, Contractor B 
Only one day of production was collected for Surface Type B from Contractor B. 
The average dynamic modulus values and coefficients of variation for each temperature 
and frequency are located in Table 4-4 and Table 4-5, respectively. The variation of |E*| 
across all temperatures and frequencies was relatively consistent when observing the range 
of c.v. values from 0.03 to 0.09. When compared to the variability in the Surface Type A 
results from Contractor C, the Surface Type B results from Contractor B had a tighter 
spread for the one day collected. 
Table 4-4: Average dynamic modulus summary table: Contractor B, Surface Type B 
 
 
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 0.05 0.05 0.05 0.05 0.05 0.06 0.06
70 0.09 0.08 0.08 0.08 0.08 0.08 0.09
100 0.11 0.09 0.08 0.08 0.08 0.08 0.07
130 0.16 0.14 0.13 0.12 0.11 0.09 0.06
40 0.05 0.05 0.05 0.06 0.06 0.06 0.07
70 0.08 0.08 0.08 0.08 0.08 0.08 0.08
100 0.06 0.06 0.06 0.05 0.05 0.06 0.06
130 0.13 0.15 0.15 0.16 0.16 0.15 0.14
40 0.06 0.06 0.06 0.05 0.06 0.06 0.05
70 0.06 0.05 0.05 0.05 0.05 0.05 0.05
100 0.05 0.05 0.05 0.05 0.05 0.05 0.05
130 0.07 0.07 0.07 0.07 0.07 0.07 0.07
1
2
3
Day Temperature 
(°F)
Coefficient of Variation
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 1,398,650 1,732,140 1,881,723 2,033,965 2,236,921 2,391,725 2,595,407
70 452,519 669,882 778,371 895,416 1,066,319 1,208,795 1,407,787
100 119,608 215,913 269,432 333,829 434,147 520,541 656,200
130 23,830 45,044 59,644 80,167 119,671 157,801 229,450
Temperature 
(°F)
Mixture |E*| (psi)
Day
1
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Table 4-5: C.V. of dynamic modulus summary table: Contractor B, Surface Type B 
 
 
 
4.2.3. Surface Type B, Contractor D 
The results for all three days of production of Surface Type B from Contractor D 
can be found in Table 4-6 and Table 4-7. Day 1 of the mix had a higher variability, with 
maximum c.v. values upwards of 0.17, when compared to day 2 and day 3 with maximum 
c.v. values of approximately 0.10 and 0.06, respectively. The variability from day 1 was 
constant at a temperature of 40°F, but increased for the remaining temperatures. The 
specimens from day 1 had the highest variability out of all three mix days when tested at 
130°F. The variability of |E*| for day 3 of production remained consistently low for all 
frequencies and temperatures. The c.v. values of Contractor B, when viewed as a whole, 
were slightly higher when compared to those of Contractor D. 
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 0.06 0.06 0.06 0.06 0.06 0.06 0.06
70 0.04 0.04 0.04 0.04 0.05 0.05 0.06
100 0.03 0.03 0.04 0.04 0.04 0.04 0.05
130 0.09 0.09 0.09 0.09 0.08 0.07 0.06
Temperature 
(°F)
Coefficient of Variation
1
Day
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Table 4-6: Average dynamic modulus summary table: Contractor D, Surface Type B 
 
 
Table 4-7: C.V. of dynamic modulus summary table: Contractor D, Surface Type B 
 
 
  
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 1,064,772 1,369,545 1,511,973 1,659,912 1,860,596 2,017,237 2,231,071
70 310,188 477,852 565,987 652,188 808,829 936,220 1,126,027
100 78,615 141,156 176,801 221,763 296,119 365,689 473,307
130 23,636 39,678 49,424 62,323 89,493 115,402 169,549
40 1,011,495 1,309,693 1,451,105 1,597,932 1,798,036 1,956,563 2,168,173
70 316,038 488,246 579,330 679,793 830,198 961,892 1,155,953
100 71,175 128,992 161,862 204,745 273,687 336,923 443,043
130 21,156 35,322 43,850 55,322 79,636 102,880 151,995
40 990,513 1,290,065 1,434,861 1,585,362 1,790,784 1,951,776 2,167,931
70 271,995 425,541 507,826 600,699 742,014 866,650 1,052,928
100 66,592 122,388 154,465 196,478 265,033 327,012 432,938
130 19,648 32,875 40,906 51,435 74,434 96,378 142,906
Day
1
2
3
Temperature 
(°F)
Mixture |E*| (psi)
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 0.04 0.04 0.04 0.04 0.04 0.04 0.04
70 0.11 0.11 0.10 0.12 0.10 0.10 0.09
100 0.11 0.10 0.10 0.10 0.09 0.08 0.08
130 0.16 0.17 0.17 0.17 0.16 0.15 0.13
40 0.01 0.02 0.02 0.02 0.03 0.03 0.04
70 0.05 0.05 0.05 0.05 0.05 0.05 0.05
100 0.04 0.03 0.03 0.03 0.03 0.03 0.03
130 0.10 0.08 0.08 0.08 0.08 0.07 0.07
40 0.05 0.06 0.05 0.05 0.05 0.06 0.06
70 0.01 0.01 0.01 0.01 0.01 0.02 0.02
100 0.04 0.04 0.04 0.04 0.04 0.03 0.04
130 0.03 0.03 0.02 0.02 0.02 0.02 0.02
1
2
3
Day Temperature 
(°F)
Coefficient of Variation
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4.2.4. Surface Type C, Contractor A 
Contractor A’s Surface Type C results for average |E*| and c.v. can be found in 
Table 4-8 and Table 4-9, respectively. Day 2 results possessed the highest variability of 
|E*|, followed by day 1 and day 3. Although day 1 had a fair amount of variability, the 
spread across all temperatures and frequencies was small with c.v. values ranging from 
0.08 to 0.12. The highest amount of variability was experienced with day 2 at temperatures 
of 130°F and 100°F, in order of highest variability. 
Table 4-8: Average dynamic modulus summary table: Contractor A, Surface Type C 
 
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 1,113,167 1,445,690 1,600,253 1,759,988 1,975,901 2,141,679 2,359,381
70 379,564 604,808 718,131 840,737 1,020,922 1,170,553 1,385,596
100 52,910 108,063 143,389 190,967 268,949 340,017 456,870
130 11,414 21,219 28,021 38,802 62,913 87,883 140,774
40 1,240,945 1,595,225 1,759,601 1,925,670 2,150,914 2,324,041 2,561,226
70 339,486 537,753 640,633 754,053 925,197 1,074,442 1,295,624
100 62,158 125,119 164,884 217,122 302,114 378,646 503,427
130 13,218 24,395 32,957 45,440 72,611 100,560 158,367
40 1,291,563 1,658,074 1,827,092 2,000,993 2,232,618 2,410,870 2,646,847
70 341,033 546,503 653,831 771,409 946,905 1,095,230 1,310,177
100 63,589 137,361 182,700 241,005 334,313 417,709 551,725
130 12,294 22,960 31,101 43,163 70,247 98,461 159,155
Day
1
2
3
Temperature 
(°F)
Mixture |E*| (psi)
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Table 4-9: C.V. of dynamic modulus summary table: Contractor A, Surface Type C 
 
 
 
4.2.5. Surface Type C, Contractor B 
One day of Surface Type C was collected from Contractor B and tested for |E*| 
(Table 4-10 and Table 4-11). The |E*| varied slightly across all temperatures and 
frequencies with a range of c.v. values from 0.01 to 0.06. The variability in the dynamic 
modulus of Surface Type C from Contractor B was lower than all three days of production 
from Contractor A across all temperatures and frequencies. 
Table 4-10: Average dynamic modulus summary table: Contractor B, Surface Type C 
 
 
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 0.09 0.09 0.10 0.10 0.10 0.11 0.11
70 0.08 0.08 0.09 0.09 0.09 0.09 0.10
100 0.09 0.08 0.08 0.09 0.09 0.09 0.10
130 0.10 0.10 0.10 0.12 0.11 0.11 0.10
40 0.10 0.10 0.10 0.10 0.10 0.11 0.11
70 0.08 0.07 0.07 0.07 0.07 0.07 0.08
100 0.19 0.17 0.17 0.16 0.15 0.14 0.13
130 0.16 0.15 0.16 0.15 0.14 0.13 0.11
40 0.07 0.07 0.07 0.07 0.07 0.07 0.08
70 0.09 0.08 0.08 0.08 0.08 0.08 0.09
100 0.08 0.07 0.08 0.08 0.07 0.08 0.08
130 0.04 0.04 0.05 0.07 0.07 0.08 0.08
1
2
3
Day Temperature 
(°F)
Coefficient of Variation
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 1,278,800 1,611,662 1,760,761 1,913,051 2,114,557 2,271,682 2,478,119
70 315,989 493,951 586,340 687,722 842,236 973,012 1,163,930
100 74,931 143,472 187,437 242,165 328,656 405,575 537,172
130 14,049 25,851 34,234 45,788 72,258 99,491 162,829
Temperature 
(°F)
Mixture |E*| (psi)
Day
1
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Table 4-11: C.V. of dynamic modulus summary table: Contractor B, Surface Type C 
 
 
 
4.2.6. Intermediate Type C, Contractor A 
The results for the Intermediate Type C from Contractor A can be found in Table 
4-12 and Table 4-13. The test completed at 100°F for day 3 of production had a maximum 
c.v. value of 0.13. The remainder of the dataset produced coefficients of variation within 
the range of 0.02 to 0.08. Day 1 and day 2 of production had very similar c.v. values across 
most of the tested temperatures and frequencies. The most consistent coefficients of 
variation were found at a temperature of 70°F for day 1 and 40°F for day 3 of production. 
Table 4-12: Average dynamic modulus summary: Contractor A, Intermediate Type C 
 
 
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 0.04 0.04 0.04 0.04 0.04 0.04 0.04
70 0.06 0.05 0.04 0.03 0.02 0.02 0.01
100 0.06 0.03 0.04 0.04 0.04 0.04 0.03
130 0.06 0.05 0.05 0.05 0.03 0.03 0.06
Temperature 
(°F)
Coefficient of Variation
1
Day
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 1,289,968 1,666,293 1,840,049 2,018,494 2,258,483 2,442,537 2,697,417
70 342,628 553,755 663,210 783,205 962,907 1,113,698 1,332,512
100 57,295 118,278 158,527 211,997 299,213 379,468 508,890
130 12,116 21,412 28,365 37,990 61,593 86,568 142,306
40 1,527,830 1,910,150 2,086,323 2,267,041 2,507,175 2,694,903 2,996,437
70 484,959 722,338 841,704 974,172 1,165,284 1,327,484 1,566,410
100 102,247 191,353 244,099 310,623 410,409 499,608 652,333
130 20,784 38,875 51,426 64,958 107,270 144,076 216,058
40 1,283,973 1,658,171 1,824,143 1,991,517 2,215,504 2,386,697 2,625,720
70 350,702 583,053 704,159 834,790 1,025,709 1,186,604 1,419,874
100 56,178 117,403 161,026 220,361 319,084 409,346 550,129
130 12,415 21,495 28,171 38,343 63,541 90,910 152,193
Day
1
2
3
Temperature 
(°F)
Mixture |E*| (psi)
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Table 4-13: C.V. of dynamic modulus summary table: Contractor A, Intermediate Type C 
 
 
 
4.2.7. Intermediate Type C, Contractor B 
The |E*| results for day 1 production of Intermediate Type C from Contractor B are 
displayed in Table 4-14 and Table 4-15. Compared to Contractor A, the c.v. values were 
higher for all frequencies and temperatures. Temperatures of 40°F and 70°F produced 
similar ranges of variability from 0.09 to 0.11 and 0.08 to 0.11, respectively. The highest 
variability was encountered at 130°F with a maximum coefficient of variation of 0.19. 
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 0.05 0.05 0.05 0.05 0.05 0.06 0.07
70 0.03 0.03 0.02 0.02 0.02 0.02 0.03
100 0.05 0.05 0.04 0.04 0.04 0.04 0.04
130 0.06 0.05 0.04 0.04 0.03 0.02 0.02
40 0.05 0.05 0.05 0.05 0.05 0.06 0.06
70 0.05 0.04 0.04 0.04 0.04 0.04 0.03
100 0.05 0.04 0.04 0.05 0.04 0.05 0.05
130 0.06 0.08 0.07 0.07 0.07 0.06 0.05
40 0.08 0.08 0.08 0.08 0.08 0.08 0.07
70 0.07 0.06 0.05 0.05 0.05 0.06 0.06
100 0.13 0.12 0.10 0.10 0.08 0.07 0.06
130 0.08 0.05 0.03 0.04 0.03 0.02 0.02
1
2
3
Day Temperature 
(°F)
Coefficient of Variation
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Table 4-14: Average dynamic modulus summary: Contractor B, Intermediate Type C 
 
 
Table 4-15: C.V. of dynamic modulus summary table: Contractor B, Intermediate Type C 
 
 
 
4.2.8. Intermediate Type C, Contractor C 
Contractor C’s dynamic modulus results for two days of production of Intermediate 
Type C can be found in Table 4-16 and Table 4-17. The variability of |E*| was highest at 
130°F for both days with a maximum value of 0.17 for day 1 and 0.11 for day 2. The most 
consistent variability was encountered at 40°F for day 1 with a range of 0.03 to 0.04. The 
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 1,289,968 1,666,293 1,840,049 2,018,494 2,258,483 2,442,537 2,697,417
70 342,628 553,755 663,210 783,205 962,907 1,113,698 1,332,512
100 57,295 118,278 158,527 211,997 299,213 379,468 508,890
130 12,116 21,412 28,365 37,990 61,593 86,568 142,306
40 1,527,830 1,910,150 2,086,323 2,267,041 2,507,175 2,694,903 2,996,437
70 484,959 722,338 841,704 974,172 1,165,284 1,327,484 1,566,410
100 102,247 191,353 244,099 310,623 410,409 499,608 652,333
130 20,784 38,875 51,426 64,958 107,270 144,076 216,058
40 1,283,973 1,658,171 1,824,143 1,991,517 2,215,504 2,386,697 2,625,720
70 350,702 583,053 704,159 834,790 1,025,709 1,186,604 1,419,874
100 56,178 117,403 161,026 220,361 319,084 409,346 550,129
130 12,415 21,495 28,171 38,343 63,541 90,910 152,193
Day
1
2
3
Temperature 
(°F)
Mixture |E*| (psi)
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 0.05 0.05 0.05 0.05 0.05 0.06 0.07
70 0.03 0.03 0.02 0.02 0.02 0.02 0.03
100 0.05 0.05 0.04 0.04 0.04 0.04 0.04
130 0.06 0.05 0.04 0.04 0.03 0.02 0.02
40 0.05 0.05 0.05 0.05 0.05 0.06 0.06
70 0.05 0.04 0.04 0.04 0.04 0.04 0.03
100 0.05 0.04 0.04 0.05 0.04 0.05 0.05
130 0.06 0.08 0.07 0.07 0.07 0.06 0.05
40 0.08 0.08 0.08 0.08 0.08 0.08 0.07
70 0.07 0.06 0.05 0.05 0.05 0.06 0.06
100 0.13 0.12 0.10 0.10 0.08 0.07 0.06
130 0.08 0.05 0.03 0.04 0.03 0.02 0.02
1
2
3
Day Temperature 
(°F)
Coefficient of Variation
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spread of the c.v. values of day 2 for 40°F and 70°F was close with a range of 0.05 to 0.07. 
Contractor C had the greatest spread of variability across all tested temperatures and 
frequencies when compared to Contractor A and B. 
Table 4-16: Average dynamic modulus summary: Contractor C, Intermediate Type C 
 
Table 4-17: C.V. of dynamic modulus summary table: Contractor C, Intermediate Type C 
 
 
 
4.3. Statistical Analysis of Dynamic Modulus Results Using the Students t-Test 
4.3.1. Differences in Contractor for a Given Mix Type: Surface Type B 
Surface Type B mix was sampled from two contractors (B and D) and the results 
were examined for differences between contractors. The results of the tests can be found 
in Table 4-18. The mean |E*| values for Contractor B were found to be greater than and 
significantly different from Contractor D in all cases except at a frequency and temperature 
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 1,591,115 2,020,138 2,214,537 2,414,689 2,680,931 2,886,788 3,154,045
70 456,870 725,528 862,396 1,019,134 1,242,782 1,433,894 1,711,835
100 80,453 170,130 230,175 307,577 429,167 538,478 707,592
130 14,359 28,336 39,305 56,328 93,211 132,700 212,577
40 1,388,255 1,767,433 1,936,354 2,105,758 2,329,069 2,496,926 2,713,178
70 393,391 630,722 750,620 879,994 1,070,429 1,228,230 1,449,606
100 72,089 154,552 208,081 277,023 385,994 482,832 634,493
130 12,314 25,667 36,081 52,257 87,579 126,048 201,313
Day
1
2
Temperature 
(°F)
Mixture |E*| (psi)
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
40 0.04 0.03 0.03 0.03 0.03 0.03 0.03
70 0.06 0.05 0.04 0.05 0.04 0.04 0.03
100 0.11 0.09 0.08 0.07 0.06 0.05 0.05
130 0.14 0.16 0.16 0.17 0.16 0.16 0.15
40 0.07 0.07 0.07 0.06 0.06 0.06 0.06
70 0.07 0.06 0.06 0.06 0.06 0.05 0.05
100 0.12 0.11 0.10 0.09 0.08 0.07 0.06
130 0.11 0.11 0.11 0.11 0.10 0.09 0.06
2
Day
1
Temperature 
(°F)
Coefficient of Variation
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of 0.1 Hz and 130°F. A few differences were noted in the job mix formulas (JMF) for each 
of these contractors which could lend to the differences in sample means. The comparison 
of JMFs is located in Table 4-19. While the optimum binder content for each mix was 
within 0.1%, the amount of RAP, or Aged Performance Grade (PG) binder in the mix, used 
by Contractor B was approximately 2% higher than that of Contractor D which adds to the 
overall amount of binder in the mix. This increase in RAP content could increase the 
stiffness of the asphalt mixture, therefore increasing the dynamic modulus. The binder type 
utilized by Contractor D was a special mix of PG 76-22, traditionally employed in Surface 
Type A mixes, while Contractor B used the traditional PG 64-22. The special mix of binder 
utilized by Contractor D could account for lower RAP content used in the mix since a        
PG 76-22 is more resistant to rutting at higher temperatures and transverse thermal cracking 
at lower temperatures when compared to PG 64-22 (MAPA, 2008). Contractor D had a 
higher dust to asphalt ratio than that of Contractor B which would potentially further 
decrease the dynamic modulus. The average VMA and VFA of specimens created from 
Contractor D mix were approximately 2% and 4% higher, respectively than that those of 
Contractor B specimens. The higher VMA could potentially decrease the modulus. These 
differences compounded on one another to cause the average |E*| of Contractor B to be 
higher than that of Contractor D for the majority of the frequency and temperature 
combinations. 
 
 
39 
Table 4-18: Difference in Contractor Connecting Letters Report: Surface Type B 
 
 
Table 4-19: Comparison of job mix formula inputs for collected Surface Type B mixes 
 Contractor B Contractor D 
Gradation (% Passing) 
1-in. 
¾-in. 
½-in. 
⅜-in. 
No. 4 
No. 8 
No. 30 
No. 100 
No. 200 
 
- 
100.0 
99.0 
93.0 
60.0 
42.0 
27.0 
10.0 
4.0 
 
- 
100.0 
99.0 
94.0 
68.0 
48.0 
25.0 
9.0 
4.0 
Binder Type PG 64-22 PG 76-22* 
Special Mix 
RAP (%) 
Fractionated (Y/N) 
Non-Fractionated (Y/N) 
16.7 
Y 
N 
14.9 
Y 
N 
Target Binder Content (%) 5.4 5.5 
Design Dust to Asphalt Ratio 0.85 0.96 
VTM (%) 6.9 7.0 
VMA (%) 17.7 19.9 
VFA (%) 60.7 64.9 
 
  
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
B A A A A A A A
D B B B B B B B
B A A A A A A A
D B B B B B B B
B A A A A A A A
D B B B B B B B
B A A A A A A A
D A B B B B B B
Temperature 
(°F)
40
70
100
Connecting Letters ResultsContractor
130
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4.3.2.Differences in Contractor for a Given Mix Type: Surface Type C 
A Student’s t-test was performed to evaluate the |E*| for Surface Type C from 
Contractors A and B. These results can be found in Table 4-20. At a temperature of 70°F, 
Contractor A was significantly different than Contractor B for all frequencies except 0.1 
Hz. When viewing the results of the connecting letters report as a comprehensive list, 
Contractor A and B cannot be considered significantly different from one another. 
Variations in mix design data included in Table 4-21 could lend to the differences 
encountered at 70°F. The amount of RAP utilized in the mixes varied from Contractor A 
with 15.7% non-fractionated RAP and Contractor B with 20.7% fractionated RAP. 
Contractor A’s mix design called for more binder to be used which would lower the 
dynamic modulus when compared to the use of aged binder. The higher RAP quantity in 
mix from Contractor B could increase the dynamic modulus of the mix. More production 
days of Contractor B should be sampled to verify this. It seems as if the differences in mix 
designs account for each other and equalize the differences in dynamic modulus. 
Table 4-20: Difference in Contractor Connecting Letters Report: Surface Type C 
 
 
  
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
A A A A A A A A
B A A A A A A A
A A A A A A A A
B A B B B B B B
A A A A A A A A
B B A A A A A A
A A A A A A A A
B A A A A A A A
40
70
100
130
Contractor Connecting Letters ResultsTemperature (°F)
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Table 4-21: Comparison of job mix formula inputs for collected Surface Type C mixes 
 Contractor A Contractor B 
Gradation (% Passing) 
1-in. 
¾-in. 
½-in. 
⅜-in. 
No. 4 
No. 8 
No. 30 
No. 100 
No. 200 
 
- 
100.0 
99.0 
92.0 
65.0 
49.0 
24.0 
8.0 
4.0 
 
- 
100.0 
99.0 
95.0 
68.0 
51.0 
33.0 
12.0 
5.0 
Binder Type PG 64-22 PG 64-22 
RAP (%) 
Fractionated (Y/N) 
Non-Fractionated (Y/N) 
15.7 
N 
Y 
20.7 
Y 
N 
Target Binder Content (%) 6.0 5.6 
Design Dust to Asphalt Ratio 0.79 0.87 
VTM (%) 6.9 7.0 
VMA (%) 18.9 19.0 
VFA (%) 63.3 63.4 
  
4.3.3.Differences in Contractor for a Given Mix Type: Intermediate Type C 
The results for the dynamic modulus means comparison for Intermediate Type C 
can be found in Table 4-22 in the form of a connecting letters report. At 40°F and 70°F, 
Contractors A, B, and C were all found to have similar means, and therefore could not be 
considered different. At 100°F and frequencies of 5, 10, and 25 Hz, Contractor A was 
similar to Contractor B, but Contractor B was found to be similar with Contractor C also 
while Contractors A and C were significantly different. At 130°F, Contractor B was 
significantly different from Contractor A for all frequencies while Contractor C was found 
to be similar with both Contractor B and A for frequencies of 5 and 10 Hz and only B at 
25 Hz. The dissimilarities at 100°F and 130°F could be attributed to the high amount of 
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variability present with Contractor C for both days of production. Due to slight variability 
of contractor mix days, these three contractors cannot be labeled as dissimilar.   
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Table 4-23 outlines the mix designs for the three contractors from whom 
Intermediate Type C was collected. The gradations, target binder content, and binder type 
for all three contractors were similar enough to neglect as the cause in differences.  
Table 4-22: Difference in Contractor Connecting Letters Report: Intermediate Type C 
 
  
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
A A A A A A A A
B A A A A A A A
C A A A A A A A
A A A A A A A A
B A A A A A A A
C A A A A A A A
A A A A A A A A
B A A A A AB AB AB
C A A A A B B B
A B B B B B B B
B A A A A A A A
C B B B B AB AB A
130
Temperature 
(°F)
40
70
100
Contractor Connecting Letters Results
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Table 4-23: Comparison of job mix formulas for collected Intermediate Type C mixes 
 Contractor A Contractor B Contractor C 
Gradation (% Passing) 
1-in. 
¾-in. 
½-in. 
⅜-in. 
No. 4 
No. 8 
No. 30 
No. 100 
No. 200 
 
100.0 
99.0 
91.0 
82.0 
57.0 
40.0 
20.0 
6.0 
4.0 
 
100.0 
99.0 
85.0 
78.0 
51.0 
37.0 
25.0 
9.0 
5.0 
 
100.0 
97.0 
87.0 
78.0 
56.0 
40.0 
24.0 
7.0 
4.0 
Binder Type PG 64-22 PG 64-22 PG 64-22 
RAP (%) 
Fractionated (Y/N) 
Non-Fractionated (Y/N) 
18.0 
N 
Y 
18.4 
Y 
N 
20.8 
Y 
N 
Target Binder Content (%) 5.2 4.9 4.8 
Design Dust to Asphalt Ratio 0.82 0.91 0.87 
VTM (%) 6.6 6.6 7.1 
VMA (%) 18.1 16.9 17.9 
VFA (%) 63.8 61.0 60.1 
 
 
4.3.4. Differences in Production Day for a Given Mix Type and Contractor: 
Surface Type A, Contractor C 
The Student’s t-test results for differences in mean |E*| values based on production 
day for Surface Type A from Contractor C can be found in Table 4-24. At 40, 70, and 
100°F, all three mix days were found to be statistically similar for all tested frequencies. 
When tested at 130°F, all three days were found to be statistically similar at 0.1 and 0.5 Hz, 
but dissimilarities were found in the remaining frequencies. Day 1 and day 3 as well as day 
1 and 2 were considered similar while day 2 and 3 were found to be significantly different 
for the remaining frequencies. There is insufficient evidence to state that day 1, day 2, and 
day 3 are statistically different when reviewing the connecting letters report results 
holistically.  
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Table 4-24: Difference in Mix Day Connecting Letters Report: Contractor C, Surface 
Type A 
 
 
 
4.3.5. Differences in Production Day for a Given Mix Type and Contractor: 
Surface Type B, Contractor D 
The results of the Student’s t-test means comparison for differences in mix day for 
Surface Type B from Contractor D can be found in Table 4-25. Across the majority of the 
frequency and temperature iterations, the mean |E*| from all three mix days are similar. 
Although slight deviations are present at a few iterations for mix days 1, 2, and 3 there is 
not enough information available to label these mix days as dissimilar. 
 
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
1 A A A A A A A
2 A A A A A A A
3 A A A A A A A
1 A A A A A A A
2 A A A A A A A
3 A A A A A A A
1 A A A A A A A
2 A A A A A A A
3 A A A A A A A
1 A A AB AB AB AB AB
2 A A B B B B B
3 A A A A A A A
Temperature 
(°F)
40
70
100
130
Mix Day Connecting Letters Results
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Table 4-25: Difference in Mix Day Connecting Letters Report: Contractor D, Surface 
Type B 
 
 
 
4.3.6. Differences in Production Day for a Given Mix Type and Contractor: 
Surface Type C, Contractor A 
The results for differences in the mean dynamic modulus for production day of 
Surface Type C from Contractor A are located in Table 4-26. At 100°F and 1, 2, and 5 Hz, 
day 1 and 2 were similar, day 2 and 3 were similar, but day 1 and 3 were significantly 
different. For the remaining iterations, there was no significant difference in production 
day. There is insufficient evidence to claim that there is a difference in mean |E*| when 
comparing production days for this particular mix. 
 
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
1 A A A A A A A
2 A A A A A A A
3 A A A A A A A
1 AB A A A A A A
2 A A A A A A A
3 B A A A A A A
1 A A A A A A A
2 AB AB AB A A AB A
3 B B B A A B A
1 A A A A A A A
2 A A A A A A A
3 A A A A A A A
Temperature 
(°F)
40
70
100
130
Mix Day Connecting Letters Results
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Table 4-26: Difference in Mix Day Connecting Letters Report: Contractor A, Surface 
Type C 
 
 
 
4.3.7. Differences in Production Day for a Given Mix Type and Contractor: 
Intermediate Type C, Contractor A 
A means comparison was performed using a Student’s t-test to detect differences 
in the mean dynamic modulus values between production days for Intermediate Type C 
collected from Contractor A. These results can be found in  
 
Table 4-27. Using the test results for the mean |E*|, it was found that production 
days 1 and 3 were similar, but day 2 was significantly different from the others. This could 
be attributed to changes in aggregate gradation between the three days. Day 2 of production 
had a higher percent passing the No. 4, No. 8, and No. 30 sieves than that of day 3 and day 
1 with differences upwards of ±4%. 
 
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
1 A A A A A A A
2 A A A A A A A
3 A A A A A A A
1 A A A A A A A
2 A A A A A A A
3 A A A A A A A
1 A A B B B A A
2 A A AB AB AB A A
3 A A A A A A A
1 A A A A A A A
2 A A A A A A A
3 A A A A A A A
Temperature 
(°F)
40
70
100
130
Mix Day Connecting Letters Results
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Table 4-27: Difference in Mix Day Connecting Letters Report: Contractor A,              
Intermediate Type C 
 
 
 
4.3.8. Differences in Production Day for a Given Mix Type and Contractor: 
Intermediate Type C, Contractor C 
To test for differences in production day for Intermediate Type C from Contractor 
C, a means comparison was performed using the mean dynamic modulus. These results 
can be seen in Table 4-28. When tested at 40°F, day 1 and 2 were significantly different. 
When tested at 70°F, days 1 and 2 were significantly different except when tested at 0.1 
Hz. Testing at 100°F and 130°F revealed that days 1 and 2 were similar.  
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
1 B B B AB A A A
2 A A A A A A A
3 B B B B A A A
1 B B B B B B B
2 A A A A A A A
3 B B B B B B B
1 B B B B B B B
2 A A A A A A A
3 B B B B B B B
1 B B B B B B B
2 A A A A A A A
3 B B B B B B B
Temperature 
(°F)
40
70
100
130
Mix Day Connecting Letters Results
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Table 4-28: Difference in Mix Day Connecting Letters Report: Contractor C,              
Intermediate Type C 
 
 
 
4.3.9. Differences in Mix Types for a Given Contractor: Contractor A 
A Student’s t-test was performed to compare the mean dynamic modulus of mix 
types from Contractor A. The results can be found in Table 4-29. At 40°F, Surface Type C 
and Intermediate Type C were significantly different from one another. At 100°F and a 
frequency of 25 Hz, the two were also significantly different. For the remaining iterations, 
there was no significant difference between the two. When comparing gradations using  
Table 4-30, Intermediate Type C is coarser than Surface Type C which results in 
more stone-on-stone contact, therefore becoming stiffer and more resistant to rutting. 
Intermediate Type C also has a higher RAP content than that of the Surface Course C which 
would further increase the dynamic modulus of the Intermediate C Course. There is 
insufficient evidence to conclude that there is a significant difference between the |E*| of 
the Surface Type C and Intermediate Type C mixes from Contractor A. 
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
1 A A A A A A A
2 B B B B B B B
1 A A A A A A A
2 A B B B B B B
1 A A A A A A A
2 A A A A A A A
1 A A A A A A A
2 A A A A A A A
Temperature 
(°F)
40
70
100
130
Mix Day Connecting Letters Results
 
 
50 
Table 4-29: Difference in Mix Types Connecting Letters Report: Contractor A 
 
 
Table 4-30: Comparison of job mix formula inputs for Contractor A collected mixes 
 Intermediate Type C Surface Type C 
Gradation (% Passing) 
1-in. 
¾-in. 
½-in. 
⅜-in. 
No. 4 
No. 8 
No. 30 
No. 100 
No. 200 
 
100.0 
99.0 
91.0 
82.0 
57.0 
40.0 
20.0 
6.0 
4.0 
 
- 
100.0 
99.0 
92.0 
65.0 
49.0 
24.0 
8.0 
4.0 
Binder Type PG 64-22 PG 64-22 
RAP (%) 
Fractionated (Y/N) 
Non-Fractionated (Y/N) 
18.0 
N 
Y 
15.7 
N 
Y 
Target Binder Content (%) 5.2 6.0 
Design Dust to Asphalt Ratio 0.82 0.79 
VTM (%) 6.6 6.9 
VMA (%) 18.1 18.9 
VFA (%) 63.8 63.3 
 
  
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
ITC A A A A A A A
STC B B B B B B B
ITC A A A A A A A
STC A A A A A A A
ITC A A A A A A A
STC A A A A A A B
ITC A A A A A A A
STC A A A A A A A
Temperature 
(°F)
40
70
100
130
Mix Type Connecting Letters Results
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4.3.10. Differences in Mix Types for a Given Contractor: Contractor B 
Using a means comparison, a Student’s t-test was performed on the mean |E*| for 
mixes collected from Contractor B. These results can be found in Table 4-31. At 40°F, 
Intermediate Type C, Surface Type B, and Surface Type C were all similar. At 70°F and 
130°F, Intermediate Type C and Surface Type B were similar, while Surface Type C was 
significantly different. At 100°F, the three mixes were found to be somewhat similar with 
interchanging similarities at different frequencies. There is significant evidence to conclude 
that Surface Type C is significantly different from Surface Type B and Intermediate Type 
C. There is insufficient evidence to conclude that Surface Type B and Intermediate Type 
C are significantly different from one another, and therefore must be considered similar. 
Variations in mix designs which attributed to the differences can be found in  
Table 4-32. Surface Type C had approximately 2% more RAP than Intermediate C 
and 4% more than Surface Type B. The variations in dust to asphalt ratio and gradation 
differences cancel each other out to make Intermediate Type C and Surface Type B 
statistically similar. The finer gradation of Surface Type C when compared to Surface Type 
B and Intermediate Type C decreases the dynamic modulus. 
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Table 4-31: Difference in Mix Types Connecting Letters Report: Contractor B 
 
 
Table 4-32: Comparison of job mix formula inputs for Contractor B collected mixes 
 Intermediate Type C Surface Type B Surface Type C 
Gradation (% Passing) 
1-in. 
¾-in. 
½-in. 
⅜-in. 
No. 4 
No. 8 
No. 30 
No. 100 
No. 200 
 
100.0 
99.0 
85.0 
78.0 
51.0 
37.0 
25.0 
9.0 
5.0 
 
- 
100.0 
99.0 
93.0 
60.0 
42.0 
27.0 
10.0 
4.0 
 
- 
100.0 
99.0 
95.0 
68.0 
51.0 
33.0 
12.0 
5.0 
Binder Type PG 64-22 PG 64-22 PG 64-22 
RAP (%) 
Fractionated (Y/N) 
Non-Fractionated (Y/N) 
18.4 
Y 
N 
16.7 
Y 
N 
20.7 
Y 
N 
Target Binder Content (%) 4.9 5.4 5.6 
Design Dust to Asphalt Ratio 0.91 0.85 0.87 
VTM (%) 6.6 6.9 7.0 
VMA (%) 16.9 17.7 19.0 
VFA (%) 61.0 60.7 63.4 
 
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
ITC A A A A A A A
STB A A A A A A A
STC A A A A A A A
ITC A A A A A A A
STB A A A A A A A
STC B B B B B B B
ITC A A B AB AB AB AB
STB B B A A A A A
STC C C B B B B B
ITC A A A A A A A
STB A A A A A A A
STC B B B B B B B
40
70
100
130
Temperature 
(°F) Mix Type
Connecting Letters Results
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4.3.11. Differences in Mix Types for a Given Contractor: Contractor C 
The results of the Student’s t-test comparing the mean |E*| for mixes collected from 
Contractor C are presented in Table 4-33. The differences in gradation are presented in  
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Table 4-34. Significant differences were found between the two mixes at 70°F for 
frequencies of 0.1, 0.5, 1, and 2 Hz; 100°F for frequencies of 0.1 and 0.5 Hz; and 130°F 
for frequencies of 0.1, 0.5, 1, 2, and 5 Hz. The remaining iterations found no significant 
difference. Intermediate Type C utilized 9.5% more RAP than that of the Surface Type A 
mix. This would increase the dynamic modulus of Intermediate C—perhaps enough to 
match the modulus of the Surface Type A mix made with PG 76-22 binder.  
Table 4-33: Difference in Mix Types Connecting Letters Report: Contractor C 
 
 
  
0.1 Hz 0.5 Hz 1 Hz 2 Hz 5 Hz 10 Hz 25 Hz
ITC A A A A A A A
STA A A A A A A A
ITC A A A A A A A
STA B B B B A A A
ITC A A A A A A A
STA B B A A A A A
ITC A A A A A A A
STA B B B B B A A
40
70
100
130
Temperature 
(°F) Mix Type
Connecting Letters Results
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Table 4-34: Comparison of job mix formula inputs for Contractor C collected mixes 
 Intermediate Type C Surface Type A 
Gradation (% Passing) 
1-in. 
¾-in. 
½-in. 
⅜-in. 
No. 4 
No. 8 
No. 30 
No. 100 
No. 200 
 
100.0 
97.0 
87.0 
78.0 
56.0 
40.0 
24.0 
7.0 
4.0 
 
100.0 
100.0 
97.0 
84.0 
53.0 
31.0 
17.0 
7.4 
3.5 
Binder Type PG 64-22 PG 76-22 
RAP (%) 
Fractionated (Y/N) 
Non-Fractionated (Y/N) 
20.8 
Y 
N 
11.3 
Y 
N 
Target Binder Content (%) 4.8 5.3 
Design Dust to Asphalt Ratio 0.87 0.66 
VTM (%) 7.1 7.4 
VMA (%) 17.9 18.9 
VFA (%) 60.1 61.0 
 
 
4.4. Conclusions and Findings 
When designing a pavement structure, more attention should be paid to the possible 
sensitivity of the bottom layer of asphalt and the factors which can affect the dynamic 
modulus. Due to this sensitivity and the use of different mix types for bottom asphalt layers, 
it is recommended that a range of moduli which factors both aggregate source and mix type 
should be utilized. Significant differences were found in the mean dynamic modulus values 
between some contractors, while others were similar. With the inherent variability present 
with the testing of the dynamic modulus using the Asphalt Mixture Performance Tester, it 
is important to consider these inconsistencies in data when creating pavement designs by 
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creating standards which consider the change in dynamic modulus across different mix 
types and gradations.  
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Chapter Five: Sensitivity Analysis 
5.1. Sensitivity Analysis Overview 
A sensitivity analysis was performed using AMPT results from a previous study 
commissioned by the SCDOT to characterize the dynamic modulus of asphalt concrete in 
South Carolina (SPR 720). Sampling locations were recorded based on aggregate sourced 
from Augusta, GA; Blacksburg, SC; Columbia, SC; Jefferson, SC; Liberty, SC; and 
Rockingham, NC. Results were from multiple asphalt mix types including Surface A, B, 
C, D, and E; Intermediate A, B, and C; and Base A and B. All specimens were lab-produced 
and the mix types included variations of the following treatments: Reclaimed Asphalt 
Pavement (RAP), no RAP, long-term aging procedure, foaming technology, Morlife, 
Adhere, and Evotherm. Samples were tested at temperatures of 14, 40, 70, 100, and 130°F 
and frequencies of 0.1, 0.5, 1, 5, 10, and 25 Hz.  
Per the SCDOT’s request, the analysis was performed using sample data recorded 
at a temperature of 70°F and a frequency of 2 Hz1 for Surface A, B, and C; Intermediate 
A, B, and C; and Base A. All data tested at 70°F was extracted from each treatment and 
compiled according to mix type. The average dynamic modulus, standard deviation and 
coefficient of variation (COV) was then calculated for each frequency under that particular 
mix type.  
A plot of average dynamic modulus versus frequency was created for each mix type 
and a logarithmic trendline was fit to each plot, as it was the best fit. The trendline equation 
for each plot was used to calculate the average dynamic modulus at a temperature of 70°F 
                                                 
1 A frequency of 2 Hz was not tested in the original dataset.  
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at a frequency of 2 Hz. Likewise, a plot of c.v. versus frequency was created for each of 
the desired mix types and the c.v. for 2 Hz was retrieved after fitting the plot with a 
logarithmic trendline. Using the c.v. and average dynamic modulus values retrieved from 
the plots, the standard deviation was then calculated. A 95% confidence interval based on 
a t-distribution was then determined for each mix type. Table 5-1 summarizes the data 
extracted from the results. 
Table 5-1: Catalog of mix dynamic moduli from SPR 720 results. 
Mix 
Type 
Average 
Modulus 
(E*) [psi] 
c.v. 
Standard 
Deviation 
[psi] 
Sample 
Size t-Value 
Lower 
Bound 
[psi] 
Upper 
Bound 
[psi] 
ST A 1,053,264 0.204 215,075 19 2.101 949,598 1,156,931 
ST B 990,421 0.216 214,230 19 2.101 887,162 1,093,680 
ST C 748,740 0.304 227,310 30 2.045 663,870 833,609 
INT A 893,815 0.097 86,958 4 3.182 755,465 1,032,166 
INT B 885,484 0.261 231,418 4 3.182 517,298 1,253,671 
INT C 706,060 0.124 87,395 4 3.182 567,015 845,105 
Base A 950,211 0.130 123,675 4 3.182 753,445 1,146,977 
 
 
5.2. Discussion of Inputs 
The intervals in Table 5-1 were then input into WESLEA, a layered elastic analysis 
software (Pavia Systems, Inc., 2012), to analyze the effect of subgrade strength and hot 
mix asphalt (HMA) modulus on asphalt pavement response at two locations in the 
pavement structure: (a) the interface between the bottom layer of asphalt and the graded 
aggregate base course (GAB) and (b) the interface between the GAB and the subgrade. 
These locations are illustrated in Figure 5-1.  
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Figure 5-1: Pavement cross-section identifying analysis interfaces. 
The vertical stress, vertical deflection, and horizontal tensile strain were evaluated 
at these interfaces. Three classes of roadways were used in this analysis: Traffic Class 3, 
Traffic Class 4, and Interstate Roadway. The input structures used for both Traffic Class 3 
and 4 were found in the SC Asphalt Pavement Design Guide for Low-Volume Roads and 
Parking Lots (SCAPA, 2016). The initial structure used for Interstate Roadway was 
provided by SCDOT personnel. The three initial input structures are illustrated in Figure 
5-2.  
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a) b) c) 
Figure 5-2: Input structures for WESLEA sensitivity analysis: a) Traffic Class 3; b) 
Traffic Class 4; c) Interstate Roadway 
The analysis was completed by varying both subgrade and asphalt properties. The 
subgrade was varied between classifications of poor, medium, and good with moduli of 
8,000, 20,000, and 30,000 psi, respectively. The seven cases investigated can be found in 
Table 5-2. The dynamic modulus confidence intervals were used to select nine asphalt 
dynamic moduli with the outer bounds being the minimum and maximum and the median 
being the mean value. The remaining values were evenly spaced throughout the interval. 
For each trial, one layer of asphalt was set to vary within the bounds of the interval while 
the remaining layer moduli remained constant.  
Table 5-2: WESLEA sensitivity analysis design scenarios. 
Traffic Class 3 Traffic Class 4 Interstate Roadway 
Vary Surface Type C Vary Surface Type B Vary Surface Type A 
Vary Intermediate Type C Vary Intermediate Type C Vary Intermediate Type A 
- - Vary Base Type A 
 
  
6 in 
2.5 in 
Subgrade 
Surface B 
Int. C 
GAB 
Int. C 
2 in 
2.5 in 
Tr
af
fic
 C
la
ss
 4
 
10 in 
10.5 in Base A 
Subgrade 
Surface A 
GAB 
Int. A 
1.8 in 
2.7 in 
In
te
rs
ta
te
 R
oa
dw
ay
 
6 in 
2 in 
Subgrade 
Surface C 
Int. C 
GAB 
Int. C 
2 in 
2 in 
Tr
af
fic
 C
la
ss
 3
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Inputs such as the GAB modulus and layer thickness remained constant throughout 
the analysis. The design axle configuration consisted of a tandem axle with a load of 34 
kips. A load magnitude (P) of 4,250 lb was assigned to each of the eight tires with a tire 
pressure (q) of 100 psi. The dual tires were spaced (Sd) at 13 inches on center with an axle 
spacing (St) of 54 inches. Input structures were evaluated at the interface between the 
bottom layer of asphalt and the GAB and the interface between the GAB and the subgrade. 
Analysis points were set below an individual tire (Location A) and in the center of a set of 
dual tires (Location B) and can be seen in Figure 5-3. The center between the two axles 
was neglected as the 54-inch spacing inhibited one side of the tandem axles from 
influencing the other. 
 
 Figure 5-3: Location of analysis points. 
  
Location A 
Location B 
Sd = 13 in 
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5.3. Results and Discussion 
Traffic Classes 3 and 4 experienced identical maximum interface locations due to 
the larger zone of influence resulting from the truck loading on highway surfaces when 
compared to a more conservatively designed Interstate roadway. The maximum vertical 
stress occurred below the centerline of an individual tire, Location A, at the interface 
between the bottom layer of asphalt and the GAB. The maximum vertical deflection 
occurred between two dual tires, Location B, at this interface. The maximum horizontal 
tensile strain was found below the centerline of an individual tire, Location A, at the 
interface between the bottom layer of asphalt and the GAB. Between the GAB and the 
subgrade, the maximum vertical stress, horizontal tensile strain, and vertical deflection 
were located in the center between the dual tires, Location B.  No change was found in the 
maximum values for stresses, strains, and deflections when looking at the bottom or top 
layer of either interface.  
The first Interstate roadway scenario experienced maximum vertical stress, vertical 
deflection, and horizontal tensile strain at the center between two dual tires, Location B, at 
the interface between the bottom layer of asphalt and the GAB. Vertical stress, vertical 
deflection, and horizontal tensile strain were all negligible at the interface between the 
GAB and subgrade. No changes in stress were found when examining the interface 
between the bottom layer of asphalt and the GAB. 
As seen in Table 5-3, Table 5-4, and Table 5-5, a poor subgrade modulus and low 
Surface C modulus encounters a greater amount of stress, although relatively small, when 
the percent differences are compared between the lower end of the confidence interval and 
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the upper bound. As the subgrade strength increases with the subgrade modulus, the 
stresses, strains, and deflections decrease due to the firmer soil. When the asphalt modulus 
increases, the asphalt layer begins to absorb some of the loading that previously routed to 
the subgrade due to the weaker asphalt layer. Varying the surface layer of asphalt seems to 
have no significant impact on the response of the pavement system. The Max-Min provides 
the percent difference between the maximum and minimum modulus values in the 
confidence interval. A larger variation was found when looking at the data points from the 
minimum to mean than from the mean to the maximum. 
Table 5-3: Traffic Class 3 Vary Surface C, Poor Subgrade 
 
 
Table 5-4: Traffic Class 3 Vary Surface C, Medium Subgrade 
 
 
Table 5-5: Traffic Class 3 Vary Surface C, Good Subgrade 
 
  
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 2 and GAB (psi) 8.9 8.6 8.4 -2.7 -2.3 -4.9
Vertical Stress b/w GAB and Subgrade (psi) 4.3 4.2 4.1 -2.4 -1.9 -4.2
Vertical Deflection b/w AC Surface 2 and GAB (milli-in.) 24.5 24.3 24.0 -1.0 -0.9 -1.9
Vertical Deflection b/w GAB and Subgrade (milli-in.) 23.0 22.7 22.6 -1.0 -0.8 -1.8
Horizontal Tensile Strain at bottom of Layer 2 (microstrain) 146.0 143.7 141.6 -1.6 -1.4 -3.0
Percent DifferenceProgram Outputs Modulus 
Minimum Mean Maximum Mean-Min (%) Mean-Max (%) Max-Min (%)
Vertical Stress b/w Layer 2 and GAB (psi) 10.7 10.4 10.2 -2.5 -2.1 -4.5
Vertical Stress b/w GAB and Subgrade (psi) 6.3 6.2 6.1 -2.3 -1.9 -4.1
Vertical Deflection b/w AC Surface 2 and GAB (milli-in.) 12.3 12.2 12.1 -1.1 -0.9 -2.0
Vertical Deflection b/w GAB and Subgrade (milli-in.) 10.9 10.8 10.7 -1.0 -0.8 -1.8
Horizontal Tensile Strain at bottom of Layer 2 (microstrain) 129.8 127.7 125.9 -1.6 -1.4 -3.0
Percent DifferenceModulus Program Outputs
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 2 and GAB (psi) 11.6 11.3 11.1 -2.3 -2.0 -4.2
Vertical Stress b/w GAB and Subgrade (psi) 7.4 7.3 7.1 -2.1 -1.9 -3.9
Vertical Deflection b/w AC Surface 2 and GAB (milli-in.) 9.2 9.1 9.0 -1.0 -1.0 -2.0
Vertical Deflection b/w GAB and Subgrade (milli-in.) 7.8 7.7 7.7 -0.9 -0.8 -1.7
Horizontal Tensile Strain at bottom of Layer 2 (microstrain) 123.4 121.5 119.8 -1.6 -1.4 -2.9
Program Outputs Modulus Percent Difference
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Figure 5-4 includes plots created from data retrieved from WESLEA for Traffic 
Class 3 and varying the Surface C modulus. Varying the subgrade strength slightly affected 
the vertical stresses found at each interface and between the transfer of stress from the 
bottom layer of asphalt to the GAB layer and ultimately to the subgrade. Vertical deflection 
decreased drastically from the increase in subgrade strength from poor to medium, but was 
only slightly influenced when transitioning from medium to good. Increasing the Surface 
C modulus hardly affected the vertical deflection as the percent differences were only 
approximately 1%. When varying the subgrade modulus from poor to medium, a 
significant change in horizontal tensile strain was encountered, but the move from medium 
to good subgrade yielded little change. Varying the asphalt layer modulus only slightly 
affected the horizontal tensile strain as the percent difference for each subgrade variation 
was 1.6% from the minimum to mean and 1.4% from the mean to maximum modulus value. 
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Figure 5-4: Traffic Class 3, Vary Surface C (a) Vertical Stress Between Bottom Layer of 
Asphalt and GAB; (b) Vertical Stress Between GAB and Subgrade; (c) Vertical 
Deflection Between Bottom Layer of Asphalt and GAB; (d) Vertical Deflection Between 
GAB and Subgrade; (e) Horizontal Tensile Strain at Bottom Layer of Asphalt.  
(a) 
 
(b) 
 
(c) 
 
(d) 
 
(e) 
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Table 5-6, Table 5-7, and  
Table 5-8 summarize the variation of vertical stresses, vertical deflections, and 
horizontal tensile strains for the Traffic Class 3 structure with fluctuating Intermediate C 
modulus values. As compared to the Traffic Class 3 scenario with varying Surface C, the 
change in modulus across the 95% confidence interval for Intermediate C produces much 
larger percent differences. Fluctuations in the Intermediate Course yielded the highest 
percent differences of approximately 19.5% for all three subgrade scenarios from the 
maximum to minimum moduli for the horizontal tensile strain at the bottom of the asphalt 
layer compared to 3% for the Surface C iterations in the same traffic class. The vertical 
stresses and deflections for all cases followed the same pattern when compared to the 
Surface C trials. As seen in the first scenario with Surface C, varying the intermediate 
course moduli had a greater influence on the change in stresses, deflections, and strains at 
the interface between the bottom layer of asphalt and the GAB than the interface between 
the GAB and subgrade. 
Table 5-6: Traffic Class 3 Vary Int. C, Poor Subgrade 
 
 
Table 5-7: Traffic Class 3 Vary Int. C, Medium Subgrade 
 
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 2 and GAB (psi) 9.3 8.6 8.1 -8.2 6.3 -13.4
Vertical Stress b/w GAB and Subgrade (psi) 4.3 4.2 4.0 -4.1 3.1 -6.9
Vertical Deflection b/w AC Surface 2 and GAB (milli-in.) 24.7 24.3 23.9 -1.7 1.4 -3.0
Vertical Deflection b/w GAB and Subgrade (milli-in.) 23.1 22.7 22.5 -1.4 1.1 -2.4
Horizontal Tensile Strain at bottom of Layer 2 (microstrain) 161.5 143.7 130.3 -12.4 9.3 -19.4
Percent DifferenceProgram Outputs Modulus 
Minimum Mean Maximum Mean-Min (%) Mean-Max (%) Max-Min (%)
Vertical Stress b/w Layer 2 and GAB (psi) 11.2 10.4 9.8 -7.4 -5.7 -12.2
Vertical Stress b/w GAB and Subgrade (psi) 6.5 6.2 6.0 -4.2 -3.2 -7.1
Vertical Deflection b/w AC Surface 2 and GAB (milli-in.) 12.4 12.2 12.0 -2.1 -1.6 -3.5
Vertical Deflection b/w GAB and Subgrade (milli-in.) 10.9 10.8 10.6 -1.5 -1.1 -2.6
Horizontal Tensile Strain at bottom of Layer 2 (microstrain) 143.8 127.7 115.7 -12.6 -9.4 -19.5
Program Outputs Modulus Percent Difference
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Table 5-8: Traffic Class 3 Vary Int. C, Good Subgrade 
 
 
Figure 5-5 presents the data in graphical form for each scenario with a subgrade of 
poor, medium, and good for Traffic Class 3 and varying the Intermediate C course dynamic 
modulus. Changing the subgrade properties from poor to medium resulted in a significant 
decrease in horizontal tensile strain while the transition from medium to good resulted only 
in a slight change in strain values. Vertical deflections at both interfaces followed a similar 
trend as the horizontal tensile strain, but the transition from poor to medium resulted in a 
more exaggerated decrease in deflection. Vertical stress increased as the subgrade modulus 
increased for both interface locations following a similar pattern to the Surface C. 
Variations in asphalt moduli created a much more drastic effect in strain variances when 
compared to the stresses and deflections. 
  
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 2 and GAB (psi) 12.1 11.3 10.7 -7.0 -5.4 -11.6
Vertical Stress b/w GAB and Subgrade (psi) 7.5 7.3 7.0 -4.0 -3.3 -7.0
Vertical Deflection b/w AC Surface 2 and GAB (milli-in.) 9.3 9.1 9.0 -2.1 -1.8 -3.8
Vertical Deflection b/w GAB and Subgrade (milli-in.) 7.8 7.7 7.6 -1.4 -1.3 -2.7
Horizontal Tensile Strain at bottom of Layer 2 (microstrain) 136.8 121.5 110.0 -12.6 -9.5 -19.6
Program Outputs Modulus Percent Difference
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Figure 5-5: Traffic Class 3, Vary Intermediate C (a) Vertical Stress Between Bottom 
Layer of Asphalt and GAB; (b) Vertical Stress Between GAB and Subgrade; (c)
 
Vertical 
Deflection Between Bottom Layer of Asphalt and GAB; (d) Vertical Deflection Between 
GAB and Subgrade; (e) Horizontal Tensile Strain at Bottom Layer of Asphalt.  
(a) 
 
(b) 
 
(c) 
 
(d) 
 
(e) 
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Table 5-9, Table 5-10, and Table 5-11 present the variation of outputs for the 
Traffic Class 4 pavement structure while varying the Surface B course. Varying the Surface 
B modulus yielded less extreme changes across the 95% confidence interval when 
compared to the Surface C iterations for Traffic Class 3. The less drastic changes are 
evident when examining the slight change in percent difference between the Mean-Min 
and Max-Mean. Varying the asphalt modulus yielded less severe changes in stress, strain, 
and deflection for all changes of subgrade modulus which is evident when viewing the 
plots in Figure 5-6. When comparing the slopes in each plot, the variation of asphalt moduli 
resulted in a slight change in output. Part of this is due to the higher traffic loading expected 
in Traffic Class 4 and the increased design strength intended for the increased loading.  
Table 5-9: Traffic Class 4 Vary Surface B, Poor Subgrade 
 
 
Table 5-10: Traffic Class 4 Vary Surface B, Medium Subgrade 
 
 
Table 5-11: Traffic Class 4 Vary Surface B, Good Subgrade 
 
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 2 and GAB (psi) 6.5 6.3 6.2 -2.2 -1.9 -4.0
Vertical Stress b/w GAB and Subgrade (psi) 3.4 3.3 3.2 -2.1 -1.8 -3.9
Vertical Deflection b/w AC Surface 2 and GAB (milli-in.) 22.1 21.9 21.7 -0.9 -0.8 -1.7
Vertical Deflection b/w GAB and Subgrade (milli-in.) 20.8 20.7 20.5 -0.9 -0.8 -1.6
Horizontal Tensile Strain at bottom of Layer 2 (microstrain) 113.3 111.6 110.2 -1.4 -1.3 -2.7
Percent DifferenceProgram Outputs Modulus 
Minimum Mean Maximum Mean-Min (%) Mean-Max (%) Max-Min (%)
Vertical Stress b/w Layer 2 and GAB (psi) 8.0 7.8 7.7 -2.2 -1.8 -3.9
Vertical Stress b/w GAB and Subgrade (psi) 5.0 4.9 4.8 -1.8 -1.8 -3.6
Vertical Deflection b/w AC Surface 2 and GAB (milli-in.) 11.0 10.9 10.8 -0.9 -0.8 -1.7
Vertical Deflection b/w GAB and Subgrade (milli-in.) 9.9 9.8 9.7 -0.8 -0.7 -1.5
Horizontal Tensile Strain at bottom of Layer 2 (microstrain) 100.5 99.0 97.8 -1.5 -1.3 -2.7
Program Outputs Modulus Percent Difference
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 2 and GAB (psi) 8.8 8.6 8.5 -2.0 -1.7 -3.6
Vertical Stress b/w GAB and Subgrade (psi) 5.9 5.8 5.7 -1.9 -1.6 -3.4
Vertical Deflection b/w AC Surface 2 and GAB (milli-in.) 8.2 8.1 8.1 -0.9 -0.9 -1.7
Vertical Deflection b/w GAB and Subgrade (milli-in.) 7.1 7.0 7.0 -0.7 -0.9 -1.6
Horizontal Tensile Strain at bottom of Layer 2 (microstrain) 95.7 94.3 93.1 -1.5 -1.3 -2.7
Program Outputs Modulus Percent Difference
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Figure 5-6 shows the effect of subgrade on the horizontal tensile strain, vertical 
stress, and vertical deflection for variations of Surface B for Traffic Class 4. The change in 
vertical stress at both interfaces was uniform when varying the subgrade between poor, 
medium, and good. The good subgrade modulus encountered the greatest stresses at both 
interfaces. Changing the subgrade properties from poor to medium resulted in a large 
decrease in vertical deflection at both interfaces while the transformation from medium to 
good resulted in a relatively small change. Modifying subgrade properties from poor to 
medium resulted in a decrease of approximately 13 microstrain for the horizontal tensile 
strain, while the shift from medium to good resulted in a minute difference of 
approximately 5 microstrain. 
  
 
 
71 
Figure 5-6: Traffic Class 4, Vary Surface B (a) Vertical Stress Between Bottom Layer of 
Asphalt and GAB; (b) Vertical Stress Between GAB and Subgrade; (c) Vertical 
Deflection Between Bottom Layer of Asphalt and GAB; (d) Vertical Deflection Between 
GAB and Subgrade; (e) Horizontal Tensile Strain at Bottom Layer of Asphalt.  
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Table 5-12, Table 5-13, and Table 5-14 display the results for varying Intermediate 
C asphalt moduli for Traffic Class 4. As found with the Traffic Class 3 structure, changing 
the asphalt modulus within the bounds of the 95% confidence interval for Intermediate C 
had a more drastic effect on the analysis outputs than when the surface course was varied. 
The change in asphalt modulus across the confidence interval resulted in a decrease due to 
the shift between minimum and mean modulus outputs when compared to the transition 
from mean to maximum modulus outputs. Stresses and strains were affected more by this 
transition throughout the interval when compared to the vertical deflection. 
Table 5-12: Traffic Class 4 Vary Int. C, Poor Subgrade 
 
 
Table 5-13: Traffic Class 4 Vary Int. C, Medium Subgrade 
 
 
Table 5-14: Traffic Class 4 Vary Int. C, Good Subgrade 
 
 
  
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 2 and GAB (psi) 6.9 6.3 5.9 -9.0 -6.6 -14.4
Vertical Stress b/w GAB and Subgrade (psi) 3.5 3.3 3.2 -4.8 -3.6 -8.1
Vertical Deflection b/w AC Surface 2 and GAB (milli-in.) 22.3 21.9 21.5 -2.0 -1.6 -3.5
Vertical Deflection b/w GAB and Subgrade (milli-in.) 21.0 20.7 20.4 -1.6 -1.4 -2.9
Horizontal Tensile Strain at bottom of Layer 2 (microstrain) 126.4 111.6 100.6 -13.2 -9.9 -20.4
Program Outputs Modulus Percent Difference
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 2 and GAB (psi) 8.5 7.8 7.4 -8.0 -6.1 -13.1
Vertical Stress b/w GAB and Subgrade (psi) 5.2 4.9 4.7 -4.9 -3.9 -8.3
Vertical Deflection b/w AC Surface 2 and GAB (milli-in.) 11.2 10.9 10.7 -2.3 -1.8 -4.0
Vertical Deflection b/w GAB and Subgrade (milli-in.) 9.9 9.8 9.6 -1.6 -1.4 -3.0
Horizontal Tensile Strain at bottom of Layer 2 (microstrain) 112.3 99.0 89.1 -13.4 -10.0 -20.6
Program Outputs Modulus Percent Difference
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 2 and GAB (psi) 9.3 8.6 8.1 -7.7 -5.8 -12.5
Vertical Stress b/w GAB and Subgrade (psi) 6.1 5.8 5.6 -5.0 -3.8 -8.4
Vertical Deflection b/w AC Surface 2 and GAB (milli-in.) 8.3 8.1 8.0 -2.5 -2.1 -4.4
Vertical Deflection b/w GAB and Subgrade (milli-in.) 7.1 7.0 6.9 -1.7 -1.4 -3.1
Horizontal Tensile Strain at bottom of Layer 2 (microstrain) 107.0 94.3 84.9 -13.5 -10.0 -20.7
Percent DifferenceProgram Outputs Modulus 
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Figure 5-7 shows the effects of changing subgrade properties while also varying 
the Intermediate C asphalt course moduli for the Traffic Class 4 structure. Modifying the 
subgrade properties resulted in a uniform change in vertical stress at both interfaces 
between poor, medium, and good subgrades. Vertical deflections at both interfaces 
experienced a drastic change when altering the subgrade from poor to medium when 
compared to the small change encountered between medium and good. The horizontal 
tensile strain experienced a small change due to the variations in subgrade from poor to 
medium and remained relatively equal when moving from medium to good.  
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Figure 5-7: Traffic Class 4, Vary Intermediate C (a) Vertical Stress Between Bottom 
Layer of Asphalt and GAB; (b) Vertical Stress Between GAB and Subgrade; (c) Vertical 
Deflection Between Bottom Layer of Asphalt and GAB; (d) Vertical Deflection Between 
GAB and Subgrade; (e) Horizontal Tensile Strain at Bottom Layer of Asphalt  
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Due to the conservative nature of designs used in interstate roadway construction, 
interstates are more resilient to traffic loading than other structures. Table 5-15, Table 5-16, 
and Table 5-17 present the data for varying the Surface A modulus for the Interstate 
roadway structure and the effect caused on vertical stress, vertical deflection, and 
horizontal tensile strain at the interface between the bottom layer of asphalt and GAB and 
the interface between the GAB and subgrade. Vertical stresses and deflections at the 
interface between the GAB and subgrade were 0 for all subgrades. This can be attributed 
again to the more conservative nature of designs for Interstate roadways. This is 
accomplished by causing the GAB to absorb the loading which prevents the transfer of 
stresses, strains, and deflections to the subgrade layer. When varying the asphalt modulus 
within each confidence interval, the percent differences between the minimum and mean 
modulus values and mean to maximum modulus values showed little to no difference 
across all scenarios when the surface course modulus was altered. 
Table 5-15: Interstate Roadway Vary Surface A, Poor Subgrade 
 
 
Table 5-16: Interstate Roadway Vary Surface A, Medium Subgrade 
 
 
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 3 and GAB (psi) 1.8 1.8 1.8 -1.1 -1.1 -2.2
Vertical Stress b/w GAB and Subgrade (psi) 0.0 0.0 0.0 - - -
Vertical Deflection b/w AC Surface 3 and GAB (milli-in.) 13.0 12.9 12.8 -0.6 -0.6 -1.2
Vertical Deflection b/w GAB and Subgrade (milli-in.) 0.0 0.0 0.0 - - -
Horizontal Tensile Strain at bottom of Layer 3 (microstrain) 31.8 31.6 31.4 -0.8 -0.7 -1.4
Program Outputs Modulus Percent Difference
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 3 and GAB (psi) 2.4 2.4 2.3 -1.3 -0.9 -2.1
Vertical Stress b/w GAB and Subgrade (psi) 0.0 0.0 0.0 - - -
Vertical Deflection b/w AC Surface 3 and GAB (milli-in.) 6.6 6.6 6.6 -0.5 -0.6 -1.1
Vertical Deflection b/w GAB and Subgrade (milli-in.) 0.0 0.0 0.0 - - -
Horizontal Tensile Strain at bottom of Layer 3 (microstrain) 26.0 25.8 25.7 -0.7 -0.7 -1.4
Program Outputs Modulus Percent Difference
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Table 5-17: Interstate Roadway Vary Surface A, Good Subgrade 
 
 
Figure 5-8 presents the data for the variation of Surface A for the Interstate roadway 
structure. Both the horizontal tensile strain and the vertical stress at the interface between 
the bottom layer of asphalt and GAB remained relatively constant as subgrade properties 
were modified. The vertical deflection at the interface between the bottom layer of asphalt 
and the GAB decreased as the subgrade strength increased. The change from a poor to 
medium subgrade resulted in a substantial decrease in deflection while the shift from 
medium to good caused only a slight variation. 
  
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 3 and GAB (psi) 2.7 2.6 2.6 -1.1 -1.1 -2.3
Vertical Stress b/w GAB and Subgrade (psi) 0.0 0.0 0.0 - - -
Vertical Deflection b/w AC Surface 3 and GAB (milli-in.) 5.0 4.9 4.9 -0.6 -0.4 -1.0
Vertical Deflection b/w GAB and Subgrade (milli-in.) 0.0 0.0 0.0 - - -
Horizontal Tensile Strain at bottom of Layer 3 (microstrain) 24.5 24.3 24.1 -0.8 -0.7 -1.5
Percent DifferenceProgram Outputs Modulus 
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Figure 5-8: Interstate Roadway, Vary Surface A (a) Vertical Stress Between Bottom 
Layer of Asphalt and GAB; (b) Vertical Stress Between GAB and Subgrade; (c) Vertical 
Deflection Between Bottom Layer of Asphalt and GAB; (d) Vertical Deflection Between 
GAB and Subgrade; (e) Horizontal Tensile Strain at Bottom Layer of Asphalt  
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Table 5-18, Table 5-19, and Table 5-20 summarize the percent differences along 
the 95% confidence intervals for the variation of Intermediate A with an Interstate roadway. 
Across the interval, the change in stresses, strains, and deflections remained relatively 
constant for both interfaces in all iterations. When analyzing the percent differences across 
the interval and the program outputs, only slight variations were encountered in this 
scenario. Vertical stress and vertical deflection were 0 at the interface between the GAB 
and subgrade for all cases. Variation of Intermediate A modulus created more variation 
across the interval than the Surface A iterations. 
Table 5-18: Interstate Roadway Vary Int. A, Poor Subgrade 
 
 
Table 5-19: Interstate Roadway Vary Int. A, Medium Subgrade 
 
 
Table 5-20: Interstate Roadway Vary Int. A, Good Subgrade 
 
  
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 3 and GAB (psi) 1.8 1.8 1.8 -1.7 -1.7 -3.3
Vertical Stress b/w GAB and Subgrade (psi) 0.0 0.0 0.0 - - -
Vertical Deflection b/w AC Surface 3 and GAB (milli-in.) 13.0 12.9 12.8 -0.7 -0.6 -1.3
Vertical Deflection b/w GAB and Subgrade (milli-in.) 0.0 0.0 0.0 - - -
Horizontal Tensile Strain at bottom of Layer 3 (microstrain) 31.8 31.6 31.5 -0.5 -0.4 -0.9
Program Outputs Modulus Percent Difference
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 3 and GAB (psi) 2.4 2.4 2.3 -1.7 -1.3 -2.9
Vertical Stress b/w GAB and Subgrade (psi) 0.0 0.0 0.0 - - -
Vertical Deflection b/w AC Surface 3 and GAB (milli-in.) 6.6 6.6 6.6 -0.6 -0.6 -1.2
Vertical Deflection b/w GAB and Subgrade (milli-in.) 0.0 0.0 0.0 - - -
Horizontal Tensile Strain at bottom of Layer 3 (microstrain) 26.2 25.8 25.6 -1.2 -1.0 -2.2
Program Outputs Modulus Percent Difference
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 3 and GAB (psi) 2.7 2.6 2.6 -1.5 -1.1 -2.6
Vertical Stress b/w GAB and Subgrade (psi) 0.0 0.0 0.0 - - -
Vertical Deflection b/w AC Surface 3 and GAB (milli-in.) 5.0 4.9 4.9 -0.8 -0.4 -1.2
Vertical Deflection b/w GAB and Subgrade (milli-in.) 0.0 0.0 0.0 - - -
Horizontal Tensile Strain at bottom of Layer 3 (microstrain) 24.6 24.3 24.1 -1.3 -1.1 -2.4
Percent DifferenceProgram Outputs Modulus 
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Figure 5-9 shows the analysis results graphically for the Interstate roadway 
structure with a variation of Intermediate A. As with the variation of Surface A for the 
Interstate roadway structure, the influence of the change in subgrade properties was 
negligible for vertical stress and horizontal tensile strain. Vertical deflection decreased 
significantly when transferring from a poor to a medium subgrade, but little change was 
encountered when changing from medium to good. 
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Figure 5-9: Interstate Roadway, Vary Intermediate A (a) Vertical Stress Between Bottom 
Layer of Asphalt and GAB; (b) Vertical Stress Between GAB and Subgrade; (c) Vertical 
Deflection Between Bottom Layer of Asphalt and GAB; (d) Vertical Deflection Between 
GAB and Subgrade; (e) Horizontal Tensile Strain at Bottom Layer of Asphalt.  
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Table 5-21, Table 5-22, and Table 5-23 provide the WESLEA outputs for the 
Interstate roadway structure for the variation of Base A for poor, medium, and good 
subgrades. This iteration resulted in the highest percent differences when compared to the 
Intermediate and Surface course iterations for the Interstate roadway. Examining the 
percent differences from the minimum to mean and mean to maximum, one can see that 
the lower range of the 95% confidence interval has a larger influence on the stresses, strains, 
and deflections when compared to the upper half of the confidence interval. As seen with 
the other two structures, the bottom layer of asphalt, in this case Base A, causes the greatest 
amount of variability in the stresses, strains, and deflections that act upon a given pavement 
structure. This is evident when comparing the percent differences across the entire interval 
to that of the Intermediate A and Surface A scenarios. 
Table 5-21: Interstate Roadway Vary Base A, Poor Subgrade 
 
 
Table 5-22: Interstate Roadway Vary Base A, Medium Subgrade 
 
 
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 3 and GAB (psi) 2.0 1.8 1.7 -9.4 -7.2 -15.2
Vertical Stress b/w GAB and Subgrade (psi) 0.0 0.0 0.0 - - -
Vertical Deflection b/w AC Surface 3 and GAB (milli-in.) 13.2 12.9 12.6 -2.6 -2.2 -4.7
Vertical Deflection b/w GAB and Subgrade (milli-in.) 0.0 0.0 0.0 - - -
Horizontal Tensile Strain at bottom of Layer 3 (microstrain) 35.8 31.6 28.5 -13.3 -9.7 -20.3
Program Outputs Modulus Percent Difference
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 3 and GAB (psi) 2.6 2.4 2.2 -8.5 -6.4 -13.7
Vertical Stress b/w GAB and Subgrade (psi) 0.0 0.0 0.0 - - -
Vertical Deflection b/w AC Surface 3 and GAB (milli-in.) 6.8 6.6 6.4 -2.7 -2.3 -4.9
Vertical Deflection b/w GAB and Subgrade (milli-in.) 0.0 0.0 0.0 - - -
Horizontal Tensile Strain at bottom of Layer 3 (microstrain) 29.6 25.8 23.1 -14.7 -10.7 -22.1
Program Outputs Modulus Percent Difference
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Table 5-23: Interstate Roadway Vary Base A, Good Subgrade 
 
 
 
Figure 5-10 presents the data from Table 5-21, Table 5-22, and Table 5-23 
graphically to visualize the effect of changing subgrade properties with stresses, strains, 
and deflections. Aside from the decrease of vertical deflection with the increase of 
subgrade strength, subgrade strength has little influence on the stresses and strains 
encountered in the Interstate pavement structure. The slopes of the confidence interval plots 
demonstrate the effect that the variation of the bottom layer of asphalt has on the stresses, 
strains, and deflections that the pavement structure endures. 
  
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w Layer 3 and GAB (psi) 2.8 2.6 2.5 -8.0 -6.1 -13.0
Vertical Stress b/w GAB and Subgrade (psi) 0.0 0.0 0.0 - - -
Vertical Deflection b/w AC Surface 3 and GAB (milli-in.) 5.1 4.9 4.8 -3.0 -2.2 -5.1
Vertical Deflection b/w GAB and Subgrade (milli-in.) 0.0 0.0 0.0 - - -
Horizontal Tensile Strain at bottom of Layer 3 (microstrain) 28.0 24.3 21.7 -14.9 -10.8 -22.4
Program Outputs Modulus Percent Difference
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Figure 5-10: Interstate Roadway, Vary Base A (a) Vertical Stress Between Bottom Layer 
of Asphalt and GAB; (b) Vertical Stress Between GAB and Subgrade; (c) Vertical 
Deflection Between Bottom Layer of Asphalt and GAB; (d) Vertical Deflection Between 
GAB and Subgrade; (e) Horizontal Tensile Strain at Bottom Layer of Asphalt.  
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In the early stages of the analysis, it was believed that variations of intermediate 
and base courses impacted resulting critical pavement distresses far more than that of 
surface courses.  Through further investigation, it was discovered that a larger amount of 
variation was present with input data for intermediate and base courses than that of surface 
courses. Due to a smaller sample size of 4, when compared to approximately 20 to 30 for 
surface courses, the confidence intervals calculated for intermediate and base courses were 
larger than that of surface courses. A fourth structure, found in Figure 5-11  was later added 
to investigate the performance of a solitary layer of surface asphalt when placed on top of 
a graded aggregate base layer and subgrade layer to test whether the bottom layer of asphalt 
or the larger confidence intervals influenced critical pavement distresses more.  
 
Figure 5-11: Second Interstate roadway structure with a single layer of Surface Type A. 
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This structure utilized the Interstate roadway structure, but consisted of a single 
layer of Surface Type A whose thickness was calculated using the structural number (SN) 
of the original structure to utilize an equivalent amount of asphalt. The equivalent amount 
of Surface Type A which was required was 15 inches. The results for poor, medium, and 
good subgrade of this analysis can be found in Table 5-24, Table 5-25, and Table 5-26. 
Table 5-24: Interstate Roadway Single Layer of Surface Type A, Poor Subgrade 
 
 
Table 5-25: Interstate Roadway Single Layer of Surface Type A, Medium Subgrade 
 
 
Table 5-26: Interstate Roadway Single Layer of Surface Type A, Good Subgrade 
 
  
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w AC Layer 1 and GAB (psi) 1.5 1.3 1.3 -9.0 -2.3 -10.3
Vertical Stress b/w GAB and Subgrade (psi) 0.4 0.4 0.4 0.0 -5.3 -5.3
Vertical Deflection b/w AC Layer 1 and GAB (milli-in.) 13.6 13.3 13.0 -2.5 -2.3 -4.6
Vertical Deflection b/w GAB and Subgrade (milli-in.) 8.7 8.7 8.5 -0.2 -2.9 -3.1
Horizontal Tensile Strain at bottom of AC Layer 1 (microstrain) 59.5 55.5 52.0 -7.3 -6.3 -12.6
Program Outputs Modulus Percent Difference
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w AC Layer 1 and GAB (psi) 2.3 2.1 2.0 -5.6 -4.7 -9.8
Vertical Stress b/w GAB and Subgrade (psi) 0.4 0.4 0.4 -4.8 4.8 0.0
Vertical Deflection b/w AC Layer 1 and GAB (milli-in.) 6.8 6.6 6.5 -2.4 -2.1 -4.4
Vertical Deflection b/w GAB and Subgrade (milli-in.) 3.8 3.7 3.8 -3.0 2.7 -0.3
Horizontal Tensile Strain at bottom of AC Layer 1 (microstrain) 34.1 31.6 29.6 -8.1 -6.2 -13.2
Program Outputs Modulus Percent Difference
Minimum Mean Maximum Mean-Min (%) Max-Mean (%) Max-Min (%)
Vertical Stress b/w AC Layer 1 and GAB (psi) 2.6 2.5 2.4 -5.2 -4.8 -9.5
Vertical Stress b/w GAB and Subgrade (psi) 0.4 0.5 0.4 10.9 -8.7 2.4
Vertical Deflection b/w AC Layer 1 and GAB (milli-in.) 4.9 4.8 4.7 -2.3 -2.1 -4.3
Vertical Deflection b/w GAB and Subgrade (milli-in.) 2.5 2.6 2.5 4.2 -3.9 0.4
Horizontal Tensile Strain at bottom of AC Layer 1 (microstrain) 24.4 22.6 21.0 -8.2 -6.9 -13.9
Percent DifferenceProgram Outputs Modulus 
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5.4. Conclusions and Findings 
It is important to note that both subgrade strength and asphalt modulus are 
important factors which can influence the response of a pavement structure. The influence 
of subgrade properties had a greater effect on stresses, strains, and deflections when 
transitioning from a poor to medium subgrade than the shift from medium to good. As 
subgrade strength increases, the ability of a pavement structure to endure greater loading 
is also improved. The same goes for the dynamic modulus of an asphalt mixture. As an 
asphalt’s dynamic modulus is increased, it possesses a greater ability to withstand loading. 
From this analysis, it was discovered that greater variability resulted from changes in the 
modulus of base and intermediate courses than with surface courses when looking at the 
range of dynamic modulus results from a previous study sponsored by SCDOT.  
With the introduction of the fourth pavement structure in the sensitivity analysis, it 
was determined that the bottom layer of asphalt has the most sensitivity to variations in 
dynamic modulus. Although the smaller sample sizes of intermediate and base courses 
could have some part in the transition from minimum to maximum modulus, the primary 
influence is the bottom layer. It was discovered that the bottom layer of asphalt experienced 
the greatest percent differences in critical pavement distresses when varying the dynamic 
moduli. Aside from the vertical stress located at the interface between the bottom layer of 
asphalt and the GAB, the vertical stress, vertical deflection, and horizontal tensile strain 
were relatively un-phased when varying subgrade properties for the first Interstate 
pavement structure.  The first interstate pavement structure utilized in this study was found 
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to be less influenced by variations of any asphalt layer which could be attributed to their 
longer service life and perpetual designs.  
The second interstate design which consisted of one 15 inch layer of Surface Type 
A had a similar amount of sensitivity compared to that experienced with the base and 
intermediate courses. Local roads were more greatly influenced by the variations of asphalt 
dynamic moduli, especially base and intermediate courses. Although there were significant 
differences present with the fourth pavement structure there is not enough evidence to 
conclude that the change in dynamic modulus of the bottom layer of asphalt causes more 
variability with critical pavement distresses. This amount of variability could be attributed 
to the smaller sample sizes of the intermediate and base courses when compared to surface 
courses. An analysis in the future should be completed with an equal sample for all mix 
types to analyze the effect of the bottom layer of asphalt and to reduce variability in results. 
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Chapter Six: Summary, Conclusions, and Recommendations 
6.1.Summary 
6.1.1. Sensitivity Analysis 
A preliminary sensitivity analysis was performed using dynamic modulus data from 
SPR 720, a previous research project commissioned by the SCDOT. From this data, 95% 
confidence intervals were calculated for six mix types (Surface Type A, Surface Type B, 
Surface Type C, Intermediate Type B, Intermediate Type C, and Base Type A) using the 
mean and standard deviation of dynamic modulus calculated at a frequency of 2 Hz and 
temperature of 70°F for each. Three pavement structures, Traffic Class 3, Traffic Class 4, 
and Interstate Roadway, were utilized to investigate the influence of the variation of 
dynamic modulus and subgrade strength on critical pavement responses encountered at the 
interface between the bottom layer of asphalt and the GAB layer and the interface between 
the GAB and subgrade. WESLEA, a layered elastic analysis software, was utilized to 
determine the reactions at each interface. Input parameters such as the GAB modulus and 
layer thickness remained constant. Subgrade strength was varied between poor, medium 
and good. An array of nine values between the minimum and maximum dynamic modulus 
were extracted from each confidence interval and input into WESLEA. The variation of 
pavement reactions was evaluated through the calculation of the percent difference 
between the minimum and mean dynamic modulus, the mean and maximum dynamic 
modulus, and the minimum and maximum dynamic modulus. 
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6.1.2. Mix Characterization 
This research investigated fluctuations of the dynamic modulus of hot mix asphalt 
due to variations in factors such as climate, mix gradation, and aggregate source to 
eventually support local calibration of the Mechanistic-Empirical Pavement Design Guide 
to conditions native to South Carolina. Current MEPDG standards require further 
adjustment to make them applicable for each state’s proper use. With appropriate 
calibration, pavement designs will be more representative of actual conditions encountered 
on roadways and can be easily modified to account for drastic increases in traffic, change 
in mix designs, or innovations in material properties. Different asphalt concrete mix types 
were sampled from multiple contractors from across South Carolina to provide a 
representative sample of the state. Specimens were tested using the Asphalt Mixture 
Performance Tester which applied a sinusoidal, or pulsing, load at a prescribed frequency 
and temperature to measure the dynamic modulus of each mix. The dynamic modulus was 
then compared between mix dates of the same mix type from the same contractor, different 
contractors with the same mix type, and mix types collected from the same contractor. 
Using dynamic modulus data retrieved from the AMPT for tested specimens, 
factors such as percent air voids, mix gradation, binder type, RAP content, and binder 
content were used to compare differences between three scenarios:  
1. Differences between contractors for a given mix type 
2. Differences in production day for a given mix type and contractor 
3. Differences between mix types for a given contractor 
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JMP, a statistical data analysis software, was used to conduct Student’s t-tests to 
determine significant differences between the mean dynamic modulus of each mix day 
collected.  
6.2. Conclusions 
6.2.1. Sensitivity Analysis 
For the Traffic Class 3 and 4 structures, the maximum vertical stress and horizontal 
tensile strain occurred below an individual tire for the interface between the bottom layer 
of asphalt and GAB. The maximum vertical deflection was encountered between a set of 
dual tires at this interface. The three critical pavement distresses were all located between 
a set of dual tires at the interface between the GAB and subgrade. The first Interstate 
Roadway scenario encountered maximum pavement reactions between a set of dual tires 
at the interface between the bottom layer of asphalt and the GAB. Pavement distresses were 
negligible at the interface between the GAB and subgrade for all cases of the first Interstate 
Roadway structure. For all three pavement structures, the lowest layer of asphalt 
(intermediate or base course layer) was found to have the greatest impact on the variation 
of pavement distresses.  
A fourth Interstate Roadway structure was introduced after the initial study to 
investigate if the change in modulus of the bottom layer of asphalt or the larger confidence 
intervals for intermediate and base courses, when compared to surface courses, controlled 
the influence of critical pavement distresses. A single layer of Surface Type A, whose 
asphalt thickness was equivalent to the original Interstate Roadway structure, was utilized. 
It was discovered that the sensitivity of the dynamic modulus of the bottom layer of asphalt 
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has a larger impact on the variances in critical pavement distresses across the confidence 
interval. 
6.2.2. Mix Characterization from AMPT Results 
Based on the limited results obtained from this study, the following conclusions 
were reached: 
Differences in contractors for a given mix type: 
1. Surface Type B: There was significant evidence to conclude that the mean 
dynamic moduli of mix from Contractor B was significantly different from that 
of Contractor D. 
2. Surface Type C: There is insufficient evidence to conclude that the mean 
dynamic moduli of Surface Type C from Contractor A was statistically different 
from that of Contractor B. 
3. Intermediate Type C: There is insufficient evidence to conclude that the mean 
dynamic moduli of Intermediate Type C from Contractors A, B, and C were 
significantly different from one another.   
Differences in production day for a given contractor and mix type: 
1. Contractor A, Surface Type C: There is insufficient evidence to prove that the 
mean dynamic moduli of the three days of production were statistically different 
form each other. 
2. Contractor A, Intermediate Type C: There is sufficient evidence to conclude 
that the mean dynamic modulus of day 2 of production was significantly 
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different from days 1 and 3. The differences could be due to differences in the 
air void content of specimens from day 2 compared to days 1 and 3. 
3. Contractor C, Surface Type A: There is insufficient evidence to state that the 
mean dynamic moduli of the three days of production were statistically different 
from one another. 
4. Contractor C, Intermediate Type C: At temperatures of 100 and 130°F, the 
mean dynamic modulus of production days 1 and 2 were similar. At 40 and 
70°F, days 1 and 2 were significantly different except when tested at a 
frequency of 0.1 Hz. 
5. Contractor D, Surface Type B: There is insufficient evidence to confirm that 
the mean dynamic moduli for the three collected days of mixes are significantly 
different from one another. 
Differences in mix types collected from a given contractor: 
1. Contractor A: There is insufficient evidence to conclude that there is a 
significant difference between Surface Type C and Intermediate Type C from 
Contractor A. 
2. Contractor B: There is significant evidence to conclude that the mean dynamic 
moduli of Surface Type C is significantly different from Surface Type B and 
Intermediate Type C from Contractor B. There is insufficient evidence to 
conclude that the mean dynamic moduli of Surface Type B and Intermediate 
Type C from Contractor B are significantly different from one another. 
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3. Contractor C: Significant differences were found between the two mix types at 
70°F for frequencies of 0.1, 0.5, 1, and 2 Hz; 100°F for frequencies of 0.1 and 
0.5 Hz; and 130°F for frequencies of 0.1, 0.5, 1, 2, and 5 Hz. The remaining 
frequencies had similar mean dynamic modulus values between the two mix 
types. 
6.3. Recommendations 
Based on the limited results of this study, the following recommendations are 
proposed to account for the variability of the dynamic modulus in HMA mixtures. Due to 
the amount of sensitivity present with the bottom layer of HMA, the variability of the 
dynamic modulus, particularly the bottom layer, should be investigated when designing a 
new pavement structure. The collection of at least three days of production should be 
sustained to provide a representative sample of mix from the contractor. Mix collection 
should be completed over a few months or annually to observe the long-term variation of 
mix types. By doing so, the MEPDG can continue to be updated as properties and mix 
designs are modified. It is recommended that a range of dynamic moduli be specified per 
contractor and/or aggregate source location due to the effects of aggregate properties on 
the dynamic modulus. Test results from the AMPT provide a wide array of dynamic moduli 
which are influenced by both the frequency and temperature of the test. Therefore, one 
specific value should not be specified for all mix types. With further study and testing, a 
determination can be reached if a range of moduli should also be specified for a particular 
mix type.  
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 Appendix 
Job Mix Formulas 
 
Figure A-1: Job mix formula for Contractor A, Intermediate Type C 
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Figure A-2: Job mix formula for Contractor A, Surface Type C 
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Figure A-3: Job mix formula for Contractor B, Intermediate Type C 
  
 
 
A4 
 
Figure A-4: Job mix formula for Contractor B, Surface Type B 
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Figure A-5: Job mix formula for Contractor B, Surface Type C 
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Figure A-6: Job mix formula for Contractor C, Intermediate Type C 
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Figure A-7: Job mix formular for Contractor C, Surface Type A 
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Figure A-8: Job mix formula for Contractor D, Surface Type B 
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Quality Control Test Reports 
 
Figure A-9: QC test report for Contractor A, Intermediate Type C, Day 1 of Production 
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Figure A-10: QC test report for Contractor A, Intermediate Type C, Day 2 of Production 
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Figure A-11: QC test report for Contractor A, Intermediate Type C, Day 3 of Production 
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Figure A-12: QC test report for Contractor A, Surface Type C, Day 1 of Production 
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Figure A-13: QC test report for Contractor A, Surface Type C, Day 2 of Production 
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Figure A-14: QC test report for Contractor A, Surface Type C, Day 3 of Production 
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Figure A-15: QC test report for Contractor C, Intermediate Type C, Day 1 of Production 
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Figure A-16: QC test report for Contractor C, Surface Type B, Day 1 of Production 
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Figure A-17: QC test report for Contractor C, Surface Type C, Day 1 of Production 
 
 
A18 
 
Figure A-18: QC test report for Contractor C, Intermediate Type C, Day 1 of Production 
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Figure A-19: QC test report for Contractor C, Intermediate Type C, Day 2 of Production 
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Figure A-20: QC test report for Contractor C, Surface Type A, Day 1 of Production 
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Figure A-21: QC test report for Contractor C, Surface Type A, Day 2 of Production 
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Figure A-22: QC test report for Contractor C, Surface Type A, Day 3 of Production 
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Figure A-23: QC test report for Contractor D, Surface Type B, Day 1 of Production 
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Figure A-24: QC test report for Contractor D, Surface Type B, Day 2 of Production 
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Figure A-25: QC test report for Contractor D, Surface Type B, Day 3 of Production 
